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GENERAL

PURPOSE

Chapter 1
Introduction

This circular provides a series of lessons for use in training personnel in
preservation and packing operations. These lessons are published for use as an
official document in the training of military and civilian personnel from all
segments of the Department of Defense (DOD) and supporting agencies. It
contains information based on specifications, standards, MIL-STD-2073-1C,
Standard Practice for Military Packaging, and other pertinent documents. In
keeping with the established preservation and packing policy, emphasis is
placed on efficiency and economy in all preservation and packing operations.
The use of this set of lessons will eliminate the need for the preparation of
similar guides at separate installations

CONTENT, FORMAT, AND USE

GENERAL

These lessons have been prepared for use in training operating personnel
working on preservation and packing lines at installations throughout DOD. In
the preparation of these lessons, the dominant consideration has been to make
them as flexible as possible so that they may meet the requirements of a variety
of training situations. The technical data and specifications referenced in this
pamphlet represent the current preservation and packing practices. The titles
of the documents referenced in the various lessons herein are listed in appendix
A located immediately after chapter 4.

FORMAT AND CONTENT

Lesson Content

This circular consists of lessons on the following:

Introduction to military preservation.
Corrosion control.

Cleaning and drying.

Electrostatic discharge control.
Preservatives.

Preservation materials and heat sealing equipment.
Cushioning, blocking, and bracing.
Methods of preservation.

Miscellaneous packaging requirements.
Introduction to military packing.
Fiberboard shipping boxes.

Triple-wall corrugated fiberboard boxes.
Wooden boxes.

Crates.

Miscellaneous containers.
Weatherproofing the pack.

R e N T T T e i i b i

1-1



TC 38-3/MCO P4030.23E/NAVSUP PUB 442/AFPAM(I) 24-205/DLAI 4145.1

b

Cargo unitization.
Marking and labeling.
Hazardous materials.
Small parcel shipment.

KEEPING THE TRAINING PRACTICAL

Time Allotments

Objective

In accordance with lesson objectives, methods of instruction, and time
allotments established for each lesson, it is suggested that all training be made
as practical as possible. This will assure an improvement in the quality of
workmanship. The allotment of approximately 25 percent of the training time
to conference instruction and 65 percent to demonstrations and practical
exercises should be followed as closely as possible. Actual preservation and
packing working areas should be used.

The what, how, when and why of each major preservation and packaging
principle has been emphasized. These lessons will serve to keep instruction
focused on the basic requirements of military preservation and packing.

LESSON ARRANGEMENT AND SUGGESTED TIME ALLOTMENTS
The following lesson arrangement may be used as a guide in presenting the
information in this pamphlet:

1-2

X Chapter 1 - Introduction

o
o

Purpose
Content, Format, and Use

X Chapter 2 - Military Preservation

(0)
(0)
(0)

o

(0)

(0)

Introduction to Military Preservation, Conference (1 hour)
Corrosion Control, Conference (1 hour)

Cleaning and Drying, Conference (1 hour), Practical Exercise (1
hour)

Electrostatic Discharge Control, Conference (1 hour)
Preservatives, Conference (2 hours), Practical Exercise (1 hour)
Preservation Materials and Heat Sealing Equipment, Conference (1
hour), Practical Exercise (1 hour)

Cushioning, Blocking, and Bracing, Conference (2 hours), Practical
Exercise (1 hour)

Methods of Preservation, Conference (3 hours), Practical Exercise
(1 hour)

Miscellaneous Packaging Requirements, Conference (2 hours)

X Chapter 3 - Military Packing

o
o

(0)

o

Introduction to Military Packing, Conference (1 hour)

Fiberboard Shipping Boxes, Conference (1.5 hours), Practical
Exercise (1.5 hours)

Triple-wall Corrugated Fiberboard Boxes, Conference (1 hour),
Practical Exercise (1 hour)

Wooden Boxes, Conference (2 hours), Practical Exercise (2 hours)
Crates, Conference (2 hours), Practical Exercise (2 hours)
Miscellaneous Containers, Conference (1 hour)
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X Chapter 4 - Packing Procedures and Operations

0 Weatherproofing the Pack, Conference (1 hour), Practical Exercise
(1 hour)

0 Cargo Unitization, Conference (2 hours), Practical Exercise (1 hour)

0 Marking and Labeling, Conference 2 hours), Practical Exercise (1
hour)

0 Hazardous Materials, Conference (2 hours)
0 Small Parcel Shipment, Conference (1 hour)

Changes and Revisions

Revisions or changes to this publication, due to major changes in preservation
packing policy, doctrine, revision of specifications, and other official
preservation/packing instructions will be made on a continuing basis as the need
arises.

Users of this training circular are encouraged to submit recommended changes
or comments to improve the publication. Comments should be keyed to the
specific page, and line of the text in which the change is recommended. Reasons
should be provided for each comment to ensure understanding and complete
evaluation. Comments should be forwarded to Dean, School of Military
Packaging Technology, ATTN: ATSL-MPT, 360 Lanyard Road, Aberdeen
Proving Ground, MD 21005-5003.

1-3
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CHAPTER 2
Military Preservation

INTRODUCTION TO MILITARY PRESERVATION

NEED FOR TRAINING/PRESERVATION

Need for Preservation Training

Deficiencies

Training

An understanding of preservation is needed at all department levels, especially
at the operational level. Personnel at the operational level have the most
physical contact with preservation. They must know what they are doing and
fully understand the need for doing it.

Deficiencies in preservation are caused by many different factors. Failure to
employ proper preservation instructions results in deficiencies. These
packaging deficiencies are reported on SF 364, Supply Discrepancy Report
(SDR).

To correct deficiencies, personnel must be trained in the proper procedures for
preservation of military supplies.

What is Preservation?

Cleaning

Drying

Preservation is the application or use of protective measures to include cleaning,
drying, preservative application, protective wrapping and/or cushioning, placing
the item into a container, and complete identification markings. The basic steps
involved in preservation are illustrated in figure 2-1.

All substances (contaminants) which would cause or promote corrosion must be
removed.

Must be accomplished immediately after cleaning to remove cleaning solutions
or any other remaining moisture.

Preservative Application

A preservative is used to keep items in a useful condition by providing a barrier
to keep out moisture, oxygen, and other causes of corrosion.

Wrap and/or Cushion

Appropriate wrapping is used to retain the preservative on the item.
Cushioning is used to protect the item against physical and mechanical damage
and to protect barrier materials and containers against puncture.

Placing in Container

Marking

Interior containers are used to increase the assurance that the cleaned, dried,
and preserved item will be in a serviceable condition after shipment or storage.

Markings must be applied to identify the contents.

2-1
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Figure 2-1. Basic steps in Military Preservation.

Hazards to Military Supplies and Equipment

General
We must protect our military supplies and equipment from both climatic and
mechanical hazards from procurement to end use.

Climatic hazards
Thirty minutes does not seem like a long time, yet 30 minutes of improper
storage could damage some items when they are exposed to a variety of climatic
conditions such as those shown in figure 2-2.

Damage by water
Water damage is the largest source of damage to military items. Water may
cause damage in two ways:

X Water combined with oxygen will cause rust on iron and steel. It will
cause corrosion on other kinds of metals. Corrosion may be caused by
water in one of three forms. It may be liquid, such as rain or snow. It
may be in the form of mist or spray, such as fog or ocean spray. Ocean
spray contains salt and is especially corrosive. It may be in the form of
invisible vapors. This form of water is nearly everywhere and is hard
to control since it cannot be seen. Water vapor can penetrate into the
smallest crevice and cause damage to even the most intricate item.

X Water can cause damage by aiding in the growth of mold, mildew, fungi,
and rot.

2-2
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CLIMATIC HAZARDS
PROPER PACKAGING PROTECTS AGAINST THESE CONDITIONS

LOW TEMPERATURES HIGH TEMPERATURES DusTY
FREEZING, EXPANDING DRYING, CRACKING ABRADING, SCRATCHING

RAIN, SNOW, SLEET SALT SPRAY HIGH HUMIDITY
SOAKING, DETERIORATING CORRODING CORRODING, MILDEWING, ROTTING

SMPT 853

Figure 2-2. Climatic Hazards.

Damage by Dust and Dirt

Dust and dirt can damage small bearings, gears, and small moving parts. A
wristwatch, for example, would be ruined if dust and dirt were allowed inside
it. Dust and dirt may contain chemical ingredients which may pit or corrode
polished or critical surfaces. Dust from factory wastes may be highly corrosive.
Dust and dirt may scratch precision lenses on binoculars, cameras, and fire-
control items. It may also scratch highly polished metal surfaces. Dust and dirt
may also contaminate sterile medical supplies, such as medicines, bandages, and
instruments.

Damage by Direct Sunlight
Direct sunlight will cause some fabrics to fade when exposed and may cause a
breakdown and change in certain chemicals. Films, rubber, and sensitive paper
will be ruined by exposure to sunlight or it may cause the rupture of containers
if they are filled to capacity with volatile liquids. Direct sunlight or heat may
cause expansion of metals, which could result in the decalibration of highly
precise instruments.

2-3
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Mechanical hazards
The kind of hazards pictured in figure 2-3 cause severe damage to our supplies
and equipment and is the result of improper handling, stacking, or the improper
use of equipment, e.g., ships, cranes, slings, nets, etc.

Damage by Insects, Vermin, Rodents, and Birds
Bird droppings and rodent excreta may soil items, particularly fabrics. Moths
may eat fabrics, especially wool. Insects and rodents will eat perishables and
food stuffs.

Special Consideration Necessary in Storage of Liquids
Liquids may leak or evaporate. This could cause a safety hazard if the liquid is
flammable, corrosive, or toxic. Heat can cause the rupture of containers if
sufficient room for expansion is not allowed. Many liquids must be protected
from freezing or prevented from setting.

Static electricity
Some electronic components are sensitive to electrostatic discharge and must be
protected during, handling, storage, and shipment from this hazard.

MECHANICAL HAZARDS

VIBRATION DURING FALLING WRACKING DURING
TRANSPORTATION HANDLING

Y

=

e

==

PRESSURE OF ABRASION DUE TO IMPACTS
SUPERIMPOSED LOADS MOVEMENT
SMPT 854

Figure 2-3. Mechanical Hazards.
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Policy for the Packaging of Materiel
Every company or business in operation today operates under some kind of
corporate instructions, bylaws, policies, etc. The Department of Defense also
has policies which must be followed. These policies are in the form of
instructions and are implemented by the military services and other components
of the government. The implementing document is AR 700-15/ NAVSUPINST
4030.28D/AFIMAN 24-206/MCO 4030.33D/DLAd 4145.7, Packaging of Materiel.

Policy statement
All defense materiel shall be afforded the degree of protection required to
prevent deterioration and damage during shipment, handling and storage.

Military Packaging Versus Commercial Packaging
There is a clear distinction between the guidelines set forth for the military
packaging concept and those set forth for commercial packaging. The difference
between the two is as follows:

X Military packaging requires the use of specification materials;
interpretation of preservation/packing instructions; MIL-STD-129,
Military Marking; and the preservation methods of MIL-STD-2073-1C,
Standard Practice for Military Packaging. Military packaging should be
used for items expected to enter the military distribution system. The
military distribution system is the process by which materiel, not
intended for immediate use, is stored and/or moved within or between
DOD facilities. It may also cover items intended for delivery-at-sea,
items delivered during wartime, or items requiring reusable containers.

X Commercial packaging permits use of nonspecification materials, and
ASTM D 3951, Standard Practice for Commercial Packaging, provides
standard commercial guidelines. Application of preservation/packing
techniques is at the discretion of the contractor or the activity. Items
not going into stock, items intended for immediate use (ex. AOG), items
for not mission-capable supply (NMCS), items intended for depot
operational consumption, small parcel shipments (CONUS, not-for-
stock) and direct vendor deliveries (CONUS) shall be packaged in
accordance with standard commercial practice as defined in ASTM D
3951.

Levels of Military Protection
A means of specifying the level of packing that a given item requires to assure
that it is not degraded during shipment and storage. Figure 2-4 shows the levels
of protection for military packing. These levels are identified as level A and
level B. Level A provides maximum protection, and level B provides moderate
protection.

X Levels of Packing.

0 Level A. Protection to meet the most severe worldwide shipment,
handling, and storage conditions. A level A pack must, in tandem
with the applied preservation, be capable of protecting materiel
from the effects of direct exposure to extremes of climate, terrain,
and operational and transportation environments. Examples of
situations which indicate a need for use of a level A pack are:
mobilization, strategic and theater deployment and employment,
open storage, and deck loading. Examples of containers used for
level A packing requirements include, but are not limited to,

2-5
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DEVELOPMENT OF
PROTECTION
REQUIREMENTS . . .

DEPENDS UPON THE NATURE OF THE ITEM
AND EXTENT OF PROTECTION REQUIRED
TO PROTECT THE ITEM DURING HAN-
DLING, SHIPPING, AND STORAGE UNDER

overseas type wood boxes, and plastic and metal reusable
containers.

Level B. Protection to meet moderate worldwide shipment,
handling, and storage conditions. A level B pack must, in tandem
with the applied preservation, be capable of protecting materiel not
directly exposed to extremes of climate terrain and operational and
transportation environments. Examples of situations which
indicate a need for use of a level B pack are: security assistance
(e.g., Foreign Military Sales (FMS)) and containerized overseas
shipments. Examples of containers used for level B packing
requirements include, but are not limited to, domestic wood crates,
weather-resistant fiberboard containers, fastpack containers,
weather-resistant fiber drums, and weather-resistant paper and
multi-wall shipping sacks.

Figure 2-5 depicts progressive item protection based on levels of
protection.

WIDELY DIVERGENT CONDITIONS. .. MPT 1393C

2-6

Figure 2-4. Levels of Protection.



TC 38-3/MCO P4030.23E/NAVSUP PUB 442/AFPAM(I) 24-205/DLAI 4145.1

MILITARY PROTECTION

ITEM

NONCORROSIVE WRAP
CUSHIONING

FIBERBOARD BOX

SEALED WATERVAPORPROOF BAG
IDENTIFICATION

SMPT 320D

Figure 2-5. Levels A and B Protection.

Packaging
Commercial packaging will be acceptable when it meets the requirements of
ASTM D 3951.

Economy in Preservation and Packing
As personnel in the preservation and packing field, each one of you should be
concerned with saving money for the Government and yourselves.

Factors Influencing Economy
Many factors influence economy. The three most important are materials,
equipment, and manpower. Such factors as the cost of different materials may
effect overall economy. Packing materials, such as containers, cushioning, and
blocking and bracing should be saved and reused wherever possible. Equipment
cost, arrangement, and utilization also affect economy. Proper use, placement,
supervision, and training of personnel will result in savings.

Material Cost Reduction
Material cost will vary according to the type, quantity, availability, etc. A few
ways to get a reduction in material cost are as follows:

X  Compare different barrier and cushioning materials and use the least
expensive material that provides the required protection.

X  Salvage cushioning materials, fiberboard boxes, and wood pallets in
good condition and reuse for outgoing shipments.

Manpower Cost Reduction
Reduction of manpower cost may be accomplished in several ways with the most
important being training of workers for their jobs.

X Management. Every organization must have someone to establish the
policies, rules, and regulations for efficient operations.

2-7
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Checkup

2-8
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Proper supervision. The quality and quantity of work are directly
related to the kind of supervision given.

Job requirements. It is important to show technical competence on the
job and to understand our individual job assignment and its impact on
the overall mission.

Planning. Each operation in preservation and packing should be well
planned in efficient use of personnel and machines.

What are the basic steps of military preservation and packing?

What are the two levels of military protection?

What level of protection is required for the protection of materiel against
the most severe conditions known or anticipated to be encountered
during shipment, handling, and storage?

List some important factors that can influence economy in packing.
Why is marking an important step of preservation?

Why is it important to dry an item immediately after cleaning?

What is the reason for using cushioning inside a package?

Why is it important to train personnel at the operational level?
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CORROSION CONTROL

CORROSION
Corrosion is the breakdown of metals when they are in contact with water and
air. Rust is often used to describe any type of corrosion. It is actually a term
which describes corrosion on iron or related metals. Ferrous metals are any
metals which contain or are made from iron.

CORROSION OF FERROUS AND NONFERROUS METALS
Corrosion on iron and steel (ferrous metals) is termed rust. It is usually red in
color and forms a rusty film which holds moisture and oxygen like a blotter. It
speeds up further corrosion by acting as a reservoir which feeds moisture and
oxygen to unrusted areas, as shown in figure 2-6.

Figure 2-7 illustrates corrosion on nonferrous metals such as zinc and cadmium
which is often white or gray in color. The terms "white rust and oxidation" are
often applied to this type of corrosion.

FEEDS MOISTURE
TO UNRUSTED
METAL BELOW

' R Ty Tt Sy S T el e L ety - - - ; r g —— .
FERROUS METAL PART (IRON OR STE

SMPT 2256

CRUSTY RED FILM (RUST)

Figure 2-6. Corrosion of Ferrous Metals.

TIGHT FILM BARRIER

\\\\ KEEPS OXYGEN AND
\\\ MOISTURE FROM
b LS

MOISTURE \ REACHING
\\ \. Gl BT g METAL'S SURFACE
NFERRC‘US METAL PAR

SMPT 2259

Figure 2-7. Corrosion of Nonferrous Metals.
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WHAT 1S KNOWN ABOUT CORROSION--BASIS FOR CONTROL

For the purpose of understanding corrosion control, corrosion will be explained
by comparing it to the operation of a storage battery. In order for corrosion to
take place, certain elements have to be present. They are a metallic part, water,
and oxygen. In order for a battery to produce a charge, certain elements must
also be present, as depicted in figure 2-8. They are positive and negative
metallic electrodes, and an electrolyte. The positive electrode is constructed of
one kind of metal, and the negative electrode of a different kind of metal. This
potential difference (a positive and a negative) must be present for an electric
current to be produced. The electrolyte in the storage battery would be similar
to the water and oxygen in the corrosion process, and the battery's metal
electrodes are similar to the metal which corrodes.

Figure 2-9 shows that when an item is made of two or more dissimilar metals,
accelerated corrosion will take place. When only one kind of metal exists,
normal corrosion will take place. Without the three elements, shown in figure
2-9 there would be no electric current from a battery and no corrosive action on
the metallic item. In many cases, batteries are packed in a "dry" state so that
the battery will not generate an electric current. Similarly, in corrosion,
basically no corrosive action will take place unless moisture is present. The
most obvious thing to do to prevent corrosion would be to eliminate moisture.
This could be done by applying a waterproof or water-vaporproof barrier to the
item. Even if the part is not made of two different metals (as the electrodes in
the battery), there is enough potential difference between areas within one
metal to cause corrosion. In order for these two areas to react, they have to be
connected some way. This is done by the electrolyte (water).

ELEMENTS NECESSARY FOR A BATTERY TO FUNCTION

A 4/24

— ELECTRIC —

METALLIC ELECTRODES ELECTROLYTE i} —
(DISSIMILAR METALS) ~ (BATTERY WATER) - CURRENT —

SMPT 2257

Figure 2-8. Comparing Corrosion with a Storage Battery.
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ELEMENTS NECESSARY FOR CORROSION TO OCCUR

——
) L @ ! % _ ACCELERATED
G \C2 lps T CorkosioN
< - WATER
DISSIMILAR METALS OXYGEN (AIR)  (CONTAINING CONTAMINANT)

b4 = CORROSION

SINGLE METAL OXYGEN (AIR) WATER
SMPT 2258 (CONTAINING CONTAMINANT)

Figure 2-9. Corrosion Elements.

CORROSION CONTROLS IN PRESERVATION

Simply stated, preservation controls corrosion by controlling what would amount
to the battery water in the "corrosion battery.” Contaminants, which would
make any moisture present a better electrolyte, must be removed. Moisture,
which would take contaminants into solution to make an electrolyte, must be
kept from the surface of the part by preservative application and/or sealed unit
packages. Oxygen is sometimes controlled by adding a substance (antioxidant)
to the preservative. This substance removes the oxygen.

Corrosion controls are included in the three basic operations which make up
unit protection (cleaning, preservative application, and unit packaging).

Cleaning is the first operation in unit protection. Details of the cleaning
processes will be covered in another lesson. The main reason for cleaning is to
remove contaminants from the item to prevent a battery-type action from taking
place. Immediately after cleaning, the item must be thoroughly rinsed to
remove the residue of the cleaning agent. Heavy emphasis is placed on
fingerprint removal when cleaning items which have a highly polished critical
surface. The reason for this is because oils from fingers are salty-acid contami-
nants which act as an extremely effective electrolyte when combined with water.
Drying, although accomplished by separately identified procedures, becomes
part of the overall cleaning operation.

2-11
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Checkup

2-12

Preservative application is the second operation in unit protection. Details will
be covered in another lesson. The main reason for a temporary preservative
coating is to insulate the metal surface from moisture and contaminants. To
fight corrosion, we must apply a good, uniform, continuous coating of
preservative to the item. The heavier preservatives may not be used on more
complex items because of their difficulty in removal. A lighter preservative may
be used within a sealed barrier provided in the method of unit protection.

Completing the method of unit protection is the third operation in unit
protection. Details will be covered in another lesson. The following general
observations relate the preservation methods to corrosion control.

Cleaning, preservative application, and unit protection make up the techniques
required to prevent corrosion. These three operations should be carried out in
a continuous cycle without layover between operations. It is especially
important that parts not be held over between cleaning and preservative
application.

X In general, it can be stated that most corrosion takes place in the
presence of what three things?

X How would a zinc plated steel bolt appear as it becomes progressively
corroded?

X Why can the operation of a storage battery and formation of corrosion
be compared?

X What is the preservation approach to corrosion control?

X Preservation operations should be performed in one continuous cycle.
From a corrosion control standpoint, where is the most damaging place
to have a time break in operations?



TC 38-3/MCO P4030.23E/NAVSUP PUB 442/AFPAM(I) 24-205/DLAI 4145.1

CLEANING AND DRYING

CLEANING REQUIREMENTS
The cleaning requirements differ for military preservation from those for
commercial packaging and are defined below.

Commercial Packaging
The cleaning requirements for commercial packaging are specified in ASTM D
3951. Items will be free from dirt and contaminants which would contribute to
deterioration of the item or which would require special cleaning by the
customer prior to use. Coatings and preservatives applied to the item for
protection are not considered contaminants.

TYPES OF CONTAMINANTS

Before we discuss the cleaning and drying operations, we will learn about the
different types of contaminants that must be removed as shown in figure 2-10.

A contaminant is any matter on the item, other than the material it was made
from. Dirt is often called a contaminant. In general, we are concerned with four
types of contaminants.

Oil Soluble
This group includes all oily or greasy substances. These should be the first
contaminants removed in any cleaning operation.

Water Soluble
This group includes fingerprints, perspiration, soldering and welding fluxes, and
marking inks. These contaminants are not removed with ordinary solvents or
cleaners. They are removed with a fingerprint removing compound.

INSOLUBLE
LOOSELY ADHERING OIL SOLUBLE
{METAL CHIPS) . {GREASE AND OIL)

WATER SOLUBLE INSOLUBLE
{FINGERPRINTS) SOLIDLY ADHERING
{RUST AND SCALE)

SMIPT 126

Figure 2-10. Types of Contaminants.
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Insoluble Loosely Adhering Contaminants
Loosely adhering contaminants may be solid dirt particles, abrasive grains,
metal chips and filings which can be removed with water or solvents.

Insoluble Tightly Adhering Contaminants
Tightly adhering contaminants may be mill and heat scale, carbon deposits,
rust, and other corrosion products which must be removed by mechanical
cleaning processes.

Each of these groups of contaminants must be removed by different means. If
contaminants from more than one group are on the item, the oils and greases
must be removed first, then the insoluble contaminants, followed by the water
soluble contaminants.

BAsiIC CLEANING REQUIREMENTS
Good workmanship is necessary to do a good job in cleaning. The following
requirements illustrated in figure 2-11, have been established for cleaning:

Cleaning Must be Thorough

All contaminants must be removed before the application of a preservative. Any
contaminant left on an item will cause corrosion or deterioration.

BASIC REQUIREMENTS FOR CLEANING

2

_.L._

BY APPROVED PROCESSES WITHOUT ITEM INJURY

WITH LIMITED DISASSEMBLY REMOVAL OF FINGERPRINTS PASSING OF REQUIRED TESTS
FROM CRITICAL SURFACES SMPT 856

Figure 2-11. Basic Requirements for Cleaning.
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Process Must Not Injure the Item
Select a process that will not cause damage to an item. You wouldn't select a
harsh solvent for leather goods because of its damaging effect.

Disassembly Shall be Limited
Limit the disassembly to a point where reassembly can be easily done without
special tools or skills.

Fingerprints Must be Removed From Critical Surfaces
The acid in our fingerprints is corrosive, and, if not removed from critical
(precision) surfaces, it will etch these surfaces in a short time.

To assure thorough cleaning of the item, it should pass a cleanliness test. If any
contaminant is left on the item, the item must be recleaned.

CLEANING PROCESSES SELECTION
The selection of a cleaning process depends upon the following factors:

Composition of the Item

The composition of the item limits the choice of the cleaning processes. Items
made from aluminum or zinc should not be cleaned in highly alkaline cleaners
because of the detrimental effect of the cleaner. Nonmetallic items of rubber,
fabric, cork, or other organic composition should not be cleaned haphazardly in
organic or water-soluble alkaline cleaners. If solvent cleaning is applied to such
items, the solvent exposure must be brief and scrubbing action limited when
dimensions and use conditions of the item are critical. Solvents are detrimental
to most rubber and synthetic rubber materials. If metallic and nonmetallic
materials are combined in an assembly, the cleaning process must be carefully
considered and the choice of the process governed by the nature of the materials
combined in the assembly.

Surface Finish of the Item

Some cleaning processes are safe to use on highly finished and precision
surfaces while other processes are likely to damage the finish. For instance,
alkaline cleaning should not be used on polished aluminum. Acid cleaners are
used in iron and steel with extreme care. Solvent cleaning processes are usually
recommended for most critical surfaces of metal items. Surfaces of rough
forgings or castings, rough ground or rough machined items, or surfaces having
no finishing after stamping or drawings are cleaned by alkaline cleaning
processes. Items with porous surfaces, small crevices, or holes are not cleaned
with alkaline cleaning processes because the complete removal of all residues
is not possible and corrosion will result. Solvent cleaning cannot be applied
indiscriminately to painted surfaces; however, zinc-coated primers, exterior
paints, lacquers, and enamels are usually handled safely in solvent cleaners.

Complexity of the Item
Items having irregular surfaces, crevices, undercuts, and pockets that could trap
cleaning fluids may only be cleaned by brushing or wiping when solvent cleaning
is used. Clean complex assemblies before they are assembled. Assemblies such
as electric generators, motors, starters, gauges, meters, timing devices, and
other complex units should be cleaned before assembly and kept clean
thereafter.
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Health and Safety Hazards
All cleaning processes have health and safety hazards that must be recognized.
These cleaning processes must comply with the requirements of the
Occupational Safety and Health Act (OSHA) of 1970, or Executive Order 11612,
as applicable.

Approved Cleaning Processes
The selection of a cleaning process is very important; if not selected properly,
more harm than good may result.

Cleaning Process
Items shall be cleaned and dried by any suitable process which is not injurious
to the item. The methods and materials of cleaning may include the following;
however, they are not limited to those listed below:

X Wire brushing may be used to remove loose scales and light rust from
items. Oily or greasy contaminants must be removed before wire
brushing. Wire brushes should be made of the same material as the
metal being cleaned.

X Air vacuum cleaning should be used on items which cannot be cleaned
by other mechanical or chemical processes. It can be used on radio and
electronic items to remove dust, lint particles, etc.

X Barrel tumbling cleans by the use of both chemical and mechanical

actions on the corroded surface.
X Chemical cleaners such as pickling baths.

Solvent Cleaning
Solvent cleaning uses several different kinds of solvents. Solvent cleaning is
used when the only contaminant is a light grease or oil. It will not remove rust
or fingerprints and other water-soluble contaminants. Fingerprint removal is
used on all items with critical functioning surfaces or items with close tolerances
to remove fingerprints, perspiration, and other water-soluble contaminants.
Solvent cleaning followed by fingerprint removal is sometimes necessary.

Materials for Solvent Cleaning
The materials used in solvent cleaning are dry cleaning solvent Type 111, paint
thinner and fingerprint remover corrosion preventive compound.

X Dry cleaning solvent (P-D-680), Type Il only. This is a water-clear
liquid that is neutral to metals and is sometimes known as Stoddard
solvent. It is slightly irritating to the skin and may be mildly
nauseating when excessive vapors are breathed. It can be used on metal
surfaces by brushing, wiping, spraying and immersion to remove oils
and light greases. The solvent must be used only at room temperatures.
P-D-680, Types | and Il are being phased out as environmentally
hazardous solvents which must be disposed of as a hazardous waste.
There are environmentally compliant solvents that clean as well as P-D-
680, Types | and Il. Approved substitutes that are environmentally
compliant solvents at this time include Breakthrough, Electron 296,
Skysol 100, Skysol, and PF. Do not use water-based enzymes as a
substitute for P-D-680 as they do not provide corrosion protection. For
guestions concerning the availability of solvent products, contact the
Defense Supply Center Richmond, 8000 Jefferson Davis Highway,
Richmond VA 23297-5100, or call 1-800-352-2852 and ask for the
Environmental Products catalog.
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Note: WARNING: Keep solvent away from any open flame or source of
sparks.

X Paint Thinner (TT-T-291). This material is supplied in two grades and
only grade I is used for solvent cleaning. It is similar to dry cleaning
solvent (P-D-680) in that it removes oils and light greases, having a low
flashpoint and degree of toxicity. Used paint thinner must be disposed
of as a hazardous waste.

X Fingerprint Remover Corrosion Preventive Compound (MIL-C-15074).
This material is a mixture of solvent, soap and water. It is used to
remove fingerprints, suppress perspiration corrosion, and temporarily
protect steel surfaces.

Equipment for Solvent Cleaning

Metal tanks are required for solvent cleaning, and they usually contain
provisions for spraying operations. The tanks should be equipped with safety
features consisting of a tight fitting lid, a fusible link, and a ground connection,
as shown in figure 2-12. The reasons for the safety features are as follows: if
the solvent should catch fire, the heat would melt the fusible link and allow the
tight fitting lid to close and smother the fire, and the ground connection is used
to carry off any static charges of electricity. It is important that the fusible link
always be in an operable condition and that the lid should never be wired or
fastened in the open position.

TIGHT FITTING COVER

., o SMPT 102

Figure 2-12. Solvent tank with safety features.
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Safety Precautions for Solvent Cleaning
Observe the following:

Solvent Cleaning

2-18
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When not in use, covers must be kept closed on all solvent tanks.
Provide adequate ventilation to prevent vapor fume build up. Inhaling
solvent vapors may cause dizziness, fainting and nausea.

Fire extinguishers must be located in the area, and personnel must be
trained in their use.

A fire blanket should be located nearby.

Since solvents may cause skin irritations, operators should wear oil
resistant rubber or plastic gloves and work aprons during cleaning
operations as illustrated in figure 2-13.

Figure 2-14 depicts two tanks required to clean by immersion. One tank is used
for cleaning and the other for rinsing.

X

X

Cleaning by immersion. The solvent cleaning immersion steps are
illustrated in figure 2-15. These steps include placing items in the
solvent cleaning tank so they receive the most effective washing action;
agitating the items thoroughly for complete cleaning; using a brush
where necessary to remove heavy contaminants; removing clean items
from the tank and allowing them to drain completely; immersing the
items in a second tank (rinse tank) and agitating as necessary; and
removing items from the rinse tank and placing them on a tray to
thoroughly drain.

Cleaning by scrubbing and wiping. When contaminated items are too
large for the cleaning tanks, or because it is impractical to clean by
immersion or spraying, they should be cleaned by scrubbing and wiping.
The solvent cleaning by scrubbing and wiping steps are as shown in
figure 2-16. The steps include soaking clean cloth or brush in clean
solvent; masking off areas of the item that can be damaged by solvent;
applying the soaked cloth and/or brush to the dirty area and scrubbing
and wiping as necessary; rinsing off the area with a clean cloth soaked
in clean solvent; and draining and wiping the cleaned area dry.
Cleaning by spraying. When items are of a simple construction, free of
cavities and indentations where cleaning solvents can be trapped, the
cleaning can be done by spraying as described in figure 2-17. The steps
involved in solvent cleaning by spraying include loading items in a work
basket and lowering the basket into a spray tank; turning on the spray
pump and directing the nozzle at items, assuring complete cleaning of
the item; and removing the basket of items from the spray zone and
allowing it to drain. A rinse is not required if the spray system is
equipped with filters allowing the sprayed solvent to be cleaned.
Perspiration and fingerprint removal.

Solvent cleaning followed by fingerprint removal.
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SMPT 574

Figure 2-13. Solvent safety clothing.

FUSIBLE LINK

SMPT 103B

Figure 2-14. Solvent cleaning by immersion.
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TANK NR. 1

[MMERSE ITEM IN SOLVENT

20 | B TANK NR. 2
TANK NR. 1 | TANK NR. 2

IMMERSE AND DRAIN | IMMERSE IN CLEAN SOLVENT DRAIN THOROUGHLY  SMPT 146A

Figure 2-15. Solvent immersion steps.

USE BRUSH WHEN NECESSARY RINSE WITH CLEAN CLOTH WIPE DRY
AND CLEAN SOLVENT SMPT 149

Figure 2-16. Solvent scrubbing and wiping.
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DIRECT NOZZLE AT ITEMS REMOVE BASKET — ALLOW TO DRAIN
SMPT 2601

Figure 2-17. Solvent spray cleaning.

Perspiration and Fingerprint Removal

Two tanks are required for cleaning perspiration and fingerprints. One tank
should contain fingerprint remover compound (MIL-C-15074) and the other a
cleaning solvent. This process is used on all items having critical functioning
surfaces or close tolerances. Before this process is used, the item must first be
cleaned of all other contaminants. Steps involved in the perspiration and
fingerprint removal process are illustrated in figure 2-18 and include immersing
item(s) in perspiration and fingerprint remover compound and agitating while
in the compound for 2 to 3 minutes; removing item(s) from fingerprint remover
compound and allowing them to drain; immersing item(s) in a second tank
containing clean dry cleaning solvent and thoroughly rinsing; and after rinsing,
draining and drying the item(s).

Solvent Cleaning Followed by Fingerprint Removal

This process is accomplished by completing the cleaning steps described for
solvent cleaning, followed by perspiration and fingerprint removal. Figure 2-19
details the steps involved.
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2-22

IMMERSE — 1 MIEMUTE

REMOVE AND DE&AIN

SMPT 154D

Figure 2-18. Fingerprint removal operations.
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Vapor Degreasing

Cleaning by vapor degreasing. This process differs from the previous processes
in removing contaminants from the items. As you recall, cleaning materials
were not heated. In this cleaning process, we are going to heat nonflammable
solvents and use the vapors to throughly remove heavy oils, greases, and wax.
This process should not be used on items that can be damaged by heat. The
degreasing process is quite simple but must be done only in special equipment
because of the hazards involved.

X Material used in vapor degreasing. The materials used in vapor

degreasing are known as chlorinated solvents such as trichloroethane-
1,1,1. Trichloroethane-1,1,1 is a clear, non-flammable solvent and can
be used either in liquid form or in vapor form after heating. It has a
boiling point of 165EF. These materials will not remove fingerprints,
rust, or scale. Its primary purpose is to remove heavy oils, greases, and
wax. Environmentally friendly degreasers are also available and are
highly recommended for this process.

Equipment for vapor degreasing. This cleaning process should only be
done in properly designed equipment that may vary in size and shape.
The manufacturer’s guide must be carefully followed. Figure 2-20 shows
the parts of a typical vapor degreaser.

Safety precautions for cleaning by vapor degreasing are: (WARNING)
VAPOR HARMFUL!

1. Use only with adequate ventilation.

2. Avoid prolonged or repeated breathing of vapor.

3. Avoid prolonged or repeated contact with skin.

4. Do not take internally.

5. Contact with flames or hot glowing surfaces may form corrosive
acid fumes.

6. The manufacturer's manual must be used as a guide, with
particular attention focused on cleaning the tanks.

7. Wear protective clothing, gloves, aprons, and goggles.

How the vapor degreaser cleans. This method of cleaning removes
heavy oils and greases. The cleaning action is due to vapors condensing
on the cool item, which then dissolves the greases and oils and rinses
them from the item as illustrated in figure 2-21. Cleaning steps
involved in vapor degreasing are as follows:

1. Place items on racks or in baskets. Place in such a way that when
the greases and oils drain, they won't be trapped in pockets or crevices.
2. Lower the items slowly into the vapor area at a rate of 10 to 12 feet
per minute to prevent the escape of vapors from the tank.

3. When vapors stop condensing on the items, slowly remove from
tank.

4. If some contaminant still remains on the item, cool to room
temperature, then repeat the above steps.

5. Remove slowly from vapor area and allow items to cool.

6. No drying process is required.
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(1) SOLVENT WASH PLUS (2) SOLVENT RINSE PLUS (3) FINGERPRINT REMOVER

Figure 2-19. Solvent cleaning followed by fingerprint removal.
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Figure 2-20. Vapor degreasing.
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Figure 2-21. Vapor Degreasing an item.
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Vapor Degreasing Followed by Fingerprint Removal

This cleaning process is a combination of two other cleaning processes. If the
item has a critical surface and is coated with heavy oil or grease, the heavy oil
or grease must be removed before the fingerprint removal compound is used on
the critical surface. Clean the item by vapor degreasing first to remove the
heavy oil or grease. Allow the item to cool until it reaches room temperature.
Then clean the item in the fingerprint removal compound to remove any water
soluble contaminants on the critical surfaces of the item.

For environmentally safe substitutes for Trichloroethane 1,1,1, refer to the
Environmental Products Catalog, Defense Supply Center, Richmond, VA,
http://www.dscr.dla.mil. Manufacturer’s recommendations and Material Safety
Data Sheets (MSDS) should be consulted.

Jet Spray Washing

Abrasive Blast

2-26

Procedures such as solvent cleaning that use solvents, which have
chloroflourocarbons in them or are ozone depleting chemicals or water
pollutants, are being replaced by environmentally safer cleaning processes. Jet
spray washing is a cleaning method designed to operate with the lowest buildup
or generation of contaminants which pollute the environment.

Items with heavy or light greases or oils are placed into units which are
preheated to temperatures over 200 EF. A cleaning compound is placed in the
units and mixes with the very hot water which is “jet sprayed” with considerable
force onto the items until they are clean.

As the items are being jet sprayed, the contaminant is scraped or skimmed from
the surface of the solvent and compressed into a small unit for easy disposal.
The liquid portion of the cleaning compound provides for safer disposal into
normal water drainage systems. The items receive thorough cleaning and are
very hot at the end of the cleaning cycle. No special drying technique is
necessary.

Regardless of the high temperature, jet spray washing will not remove
fingerprints, perspiration, etc. from metal items with critical surfaces. The
fingerprint removal compound process will still be necessary. However, this
process does not provide the corrosion protection of the chlorinated solvents.

The abrasive blast process consists of directing a high velocity stream of an
abrasive material against the surface of the item. It should be used on surfaces
where the abrasive action will not affect the function of the item such as rough
castings. The choice of abrasive materials is so large that almost any type of
surface finish may be obtained. These materials include hardened cast steel
shot, sand, garnet abrasives, and glass beads. The equipment used in this
process ranges from small blast cleaning cabinets to large blasting rooms and
open air blasting operations.

In general, the following steps are performed:

X Protect yourself with approved protective equipment.
X Mask off any portions of work that must not be blasted.



TC 38-3/MCO P4030.23E/NAVSUP PUB 442/AFPAM(I) 24-205/DLAI 4145.1

X Adjust pressures of compressed air to the type of surface being cleaned,
60 to 100 psi for hard materials or 30 to 50 psi for the softer materials.

X Direct the stream of abrasive at a 90E angle to the work surface and
move nozzle only as fast as the surface is cleaned.

X If surfaces are dusty and have metal chips clinging to them after
blasting, blow off with compressed air or rinse in an inhibited cleaning
solution.

X Ifiron dust and metallic particles continue to adhere to metal surfaces
after rinsing, demagnetize items prior to further cleaning.

Alkaline Cleaning

Electrocleaning

The alkaline cleaning process, as pictured in figure 2-22, consists of soaking the
items in alkaline cleaner solution and rinsing in clean hot water above 180EF.
Items cleaned by this process are of a simple construction having noncritical
surfaces. Alkaline cleaning will remove shop dirt, soil, oily and water-soluble
contaminants, and heavy waxes.

This process consists of immersing the item in a solution and making the item
an element of an electrochemical cell. It must be rinsed in clean hot water above
180EF. Figure 2-23 illustrates the removal of rust by electrocleaning.

Emulsion Cleaning

Figure 2-24 shows the emulsion cleaning process. This process consists of
subjecting the item to a pressure spray or soaking in a tank of grease
emulsifying, solvent-soluble cleaning compound to remove solvent-soluble
grease, oil, dirt, etc. from various surfaces.

ALKALINE SOLUTION HOT RINSE
205° - 210°F 180° - 210°F SMPT 649

Figure 2-22. Alkaline cleaning.
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Al
._"' - BUBBLES

BUBBLES FORMING BUBBLES REMOVING
BETWEEN THE ITEM AND RUST AND SCALE FROM
RUST AND SCALE THE ITEM

SMPT 646

Figure 2-23. Electrocleaning.
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Figure 2-24. Emulsion cleaning.

Steam Cleaning
The steam cleaning process consists of subjecting the item to a stream of steam
with an added cleaning compound followed by steam alone. Figure 2-25 depicts
a typical use of steam cleaning to remove heavy greases from automotive
equipment, such as trucks.
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MAIN STEAM LINE

CONTROL UNIT

CLEANING
COMPQUND

CLEANING GUN

SMPT 134B

Figure 2-25. Steam cleaning.

Abrasive Blast (Honing Process)
The honing abrasive blast process consists of subjecting the items to a stream
of atomized water containing a fine particle size abrasive and a corrosion
inhibitor. It will remove light coats of rust or scale. Equipment similar to that
shown in figure 2-26 is used for abrasive blasting. Steps involved in cleaning by
this process are as follows:

Place item into the cleaning chamber and close door.

Thrust arms through rubber sleeve openings. Make sure that sleeves
fit tightly around the wrist.

Hold item in one hand, while directing the blasting stream with the
other.

Continue the abrasive blasting until all contamination is removed.

Remove cleaned item from cabinet and dip it in a tank of corrosion
inhibited rinse water.

Dry the item as soon as possible after rinsing.

XXX ) XX
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SMPT BEEI

Figure 2-26. Abrasive blast cleaning honing process.

Soft Grit Blast
The soft grit blast process consists of subjecting the item to a high velocity
stream of water containing a soft abrasive material.

Ultrasonic Cleaning
Ultrasonic cleaning should be used on nonabsorbent materials such as those
found in electronic devices. This process consists of suspending the item to be
cleaned in a cleaning agent, then directing the force of high frequency sound
waves through the agent against the surfaces to be cleaned. The sound waves
set up an agitation action along the surface, so in reality the bubbles scrub the
contaminant off the surface by means of an implosion as shown in figure 2-27.
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CONTAMINANT

ULTRASONIC WAVES

SMPT 2600A

Figure 2-27. Ultrasonic cleaning.

DRYING PROCEDURES
Immediately after cleaning the item, it must be thoroughly dried to remove any
cleaning solutions or remaining moisture. Figure 2-28 illustrates the approved
drying procedures.

Drying With Compressed Air
The air for drying must be free from oil, dirt, and moisture. Dry all surfaces of
the item by applying the clean air until all solvents disappear.

Drying With Ovens
This is done by placing the item into a heated air oven. The oven should be well
ventilated and temperature controlled.

Drying With Infrared Lamps
This is done by placing the item between rows of infrared lamps. This is a
commonly used procedure for drying.

Drying by Wiping
This is done by wiping the item with clean, lint-free cloths. It is difficult to wipe
areas that have blind holes and undercuts.

Drying by Draining
This drying process is used only when the final step in cleaning involves a
petroleum solvent, and the item is to be preserved with a material using a
petroleum solvent as a thinning agent.
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DRYING BY WIPING DRYING BY DRAINING

SMPT 105A

Figure 2-28. Drying procedures.
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Checkup

XK R KX KX

What is the first operation in the preservation of metal items?

What type of contaminant is removed by solvent cleaning?

Name the three safety feature requirements of a solvent cleaning tank.
When can drying by draining be used to dry an item?

What are the requirements when drying with compressed air?

What cleaning process must be used on items having a critical surface?
How long must an item be in a fingerprint removal compound?

What must be done to an item after removing it from fingerprint
remover compound (MIL-C-15074)?

CLEANING AND DRYING PRACTICAL EXERCISE

Objective

The student will answer questions on the proper selection and application of the
various cleaning processes and drying procedures.

General Directions

X

X

Conduct of Exercise

Situation

The exercise will require approximately one class period, including the
critique for completion.

The instructor will hold the critique when the students have completed
the practical exercise.

You have received classroom instruction on the selection of cleaning processes
and drying procedures. Your job is to produce properly cleaned and dried items.

Requirement No. 1. Answer the following questions on cleaning:

1. What cleaning materials may be used for solvent cleaning?

2. Why is it necessary to wear protective clothing during cleaning operations?

3. What contaminants are removed using solvent cleaning?

4. Are fingerprints removed by solvent cleaning?

5. What is the cleaning requirement for an item with a critical surface?

6. What cleaning process uses sound waves to create a cleaning action?

7. After an item is cleaned in the chemical process alkaline cleaning, what
must be done before we dry or preserve the item?

8. What processes may be used to remove insoluble tightly adhering
contaminants?

9. What process is used to remove heavy greases from automotive equipment
such as trucks?
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10. If a cleaning compound is used in the steam cleaning process, what must be
done immediately after the cleaning compound is turned off?

11. What are the four general types of contaminants?
12. What must be considered in the selection of a cleaning process?
13. What are the basic cleaning requirements?

14. What are the recommended safety features required on a solvent cleaning
tank?

Requirement Number 2. Answer the following questions on drying:

Critique

1. Why must an item be dried following cleaning?

2. Which process will be used if an item is cleaned by a solvent cleaning process
and is to be preserved with a material using a petroleum solvent as a thinning
agent?

3. Which drying procedures use heat?

4. What is meant by "Prepared" compressed air?

Instructor will call on class members to give the answers to the questions.

Care of Area, Training Aids and Equipment

Not applicable.
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ELECTROSTATIC DISCHARGE CONTROL

ELECTROSTATIC DISCHARGE

2-36

We have been aware for quite some time that static electricity can impose
damage on metal oxide semiconductors (MOS). More recently, we have become
aware of the sensitivity of other parts to electrostatic discharge (ESD) through
use, testing, and failure analysis. Sources of ESD policy include MIL-W-87893
and MIL-HDBK-773.

Trends in technology are toward greater complexity and construction. Design
features of current microtechnology have resulted in parts which can be
destroyed or damaged by ESD voltages as low as 20 volts.

Various electrical and electronic parts which have been determined to be
sensitive to electrostatic voltage levels commonly generated by production, test,
operation and maintenance personnel include:

Microelectronic and semiconductor devices.
Thick and thin film resistors.

Chips and hybrid devices.

Piezoelectric crystals.

All subassemblies, assemblies, and equipment containing these parts not
having adequate protection circuitry are also ESD sensitive (ESDS).

XXX

Materials which are prime generators of electrostatic voltage are common
plastics such as polyethylene, vinyls, foam, polyurethane, synthetic textiles,
fiberglass, glass, and rubber.

Actions which cause these and other materials to generate electrostatic voltages
are the sliding, rubbing, or separation of materials. These movements can
frequently result in electrostatic voltages of 15,000 volts.

Materials can be ranked in accordance with their ability to become positively
charged with respect to other materials. This ranking is known as a
triboelectric series. Material uppermost in the series becomes positively charged
when rubbed with a material lower in the series. The materials lower in the
series become negatively charged. Conditions such as cleanliness, variation in
chemical composition and processes, humidity, and the mechanics of rubbing or
separation affect the series to a great extent. Thus the ranking of elements or
compounds in the series will not always be reproducible. One of the many
versions of the series follows.

X Positive (+)

0 Air
Human hands.
Asbestos
Rabbit fur
Glass
MICA
Human hair
Nylon

©C O O O O O O
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Wool

Fur

Lead

Silk
Aluminum
Paper

Cotton

Steel

Wood

Amber
Sealing wax
Hard rubber
Nickel, copper
Brass, copper
Gold, platinum
Sulfur
Acetate rayon
Polyester
Celluloid
Orlon
Polyurethane
Polypropylene
PVC (vinyl)
KEL F

X Negative (-)
X Silicon
X Teflon

Protection of electrical and electronic ESDS parts assemblies and equipment can

be provided through the implementation of low cost ESD controls.

Lack of

control has resulted in high repair cost, excessive equipment downtime, and
reduced mission effectiveness because susceptible parts are being damaged
during processing, assembly, inspection, handling, packaging, shipping, storage,
stowage, testing, installation, and maintenance throughout the equipment's life
cycle, both at the manufacturer's and the user's facility.
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The effects of ESD on electrical and electronic items are not generally recognized
because they are often masked by reasons such as:

X Failures due to ESD are often analyzed as being caused by electrical
overstress due to transients other than static.

X Failure caused by ESD is often incorrectly categorized as random,
unknown, manufacturing defect, or other, due to improper depth of
failure analysis.

X Few failure analysis laboratories are equipped with scanning electron
microscopes or other equipment and technology required to trace
failures to ESD.

X Some programs and projects are accepting high operational failure rules
as normal and simply procure more spares instead of recognizing and
solving the basic ESD problem.

X Belief of personnel that static controls are necessary, for only MOS at
the part manufacturer's site and for handling of ordnance, is
widespread.

X Also common is the belief that an ESDS part "protected” by a diode,
resistive network or other protective part is non-ESDS.

X Static discharge failures do not always occur immediately following
exposure but may result in latent defects.

In order to protect ESDS devices while handling and packaging, it is important
to provide a conductive path to ground in the environment. Such a path should
provide for rapid dissipation of the static electrical charge. Figure 2-29
illustrates a typical static protective work station which uses a conductive table
and floor mats as well as a wrist strap to ground the operator.

Because the human body is a conductor, it may be effectively grounded.

Clothing, however, will generate and retain electrostatic charges, sometimes as
high as 30 thousand volts. These static charges will not bleed off when
grounded.

People handling ESDS items should wear long sleeved ESD protective smocks
or close-fitting, short sleeved shirts or blouses.

If long sleeve clothes are worn, the sleeves must be rolled up or else covered
with an antistatic sleeve protector, called a gauntlet, from the bare wrist as far
up as the elbow. When gauntlets are worn, the clothing does not have to be
made of ESD protective material.

Antistatic garments can be made by treating cotton or synthetic clothes with an
antistatic chemical agent in final rinse during laundering. Each time the clothes
are washed, the antistatic agent must be reapplied.

The proper control of static electricity is often overlooked in the field. During
in-field replacement of sensitive components or printed circuit boards, the new
component or board may be destroyed or degraded by an ungrounded service
technician. An ESD protective field service kit is designed to help solve these
problems for the field service technician and for field packaging operations as
well.
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Figure 2-29. Protective Work Station.

The ESD protective field service kit includes a grounded work surface mat
(typically 2' x 2") and a conductive wrist strap.

Some field work surface protective mats contain pockets which are sewn into the
mat and can be used to store ESDS components or boards while transporting to
and from the field. For larger boards, the mat is folded around the board to
provide protection (the ESDS item may require additional protection).

The ground lead contains a current limiting series resistor to protect the worker
from being shocked in case of accidental contact with line voltage.

For proper operation, the wrist strap cable is connected to the mat at the same
terminal where the ground lead is also connected. Then the ground lead is
connected to a bare metal part of the main frame of the system containing the
part being worked on.

Packaging for protection for ESDS items requires the use of appropriate
materials. Protection shall be provided to prevent physical damage and to
maintain leads and terminals in an as-when-manufactured condition during
handling and transportation.
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Checkup

2-40

An acceptable means of packaging ESDS items would be to first place them in
an antistatic or static dissipative environment by wrapping and/or cushioning
them in one or more of the following materials:

X MIL-PRF-81705, type Il barrier material, transparent, waterproof,
electrostatic protective.

PPP-C-795, class 2 antistatic (pink tinted) cushioning material, flexible,
cellular, plastic film.

PPP-C-1842, type 111, type A or B cushioning material, plastic open cell.
PPP-C-1797, type Il cushioning material, resilient, low density,
unicellular, polyproplene foam.

After being protected by antistatic or static dissipative materials, they
may then be shielded in a bag or pouch conforming to MIL-PRF-81705,

type | barrier material watervaporproof, greaseproof electrostatic and
electromagnetic protective (opaque).

X
X
X
X

Marking of ESDS items will be per MIL-STD-129, which requires that unit
packs, intermediate and exterior containers be marked with the ESDS device
caution label, which is a triangle and reaching hand. All unit packs shall be
marked with the ESD label prescribed by ASTM D 5445, Standard Practice for
Pictorial Markings for Handling of Goods. The symbol and lettering shall be
marked in black on a yellow background. The label shall include the ESD
sensitive device symbol and the words “ATTENTION STATIC SENSITIVE
DEVICES” and the statement “HANDLE ONLY AT STATIC SAFE WORK
STATIONS”. Unit packs that are not overpacked and are used as exterior
containers shall be marked with the unit pack label.

Intermediate and exterior containers shall also be marked with the ESD
sensitive devices symbol and the words “ATTENTION OBSERVE
PRECAUTIONS FOR HANDLING ELECTROSTATIC DISCHARGE
SENSITIVE DEVICES.” One 2 by 2-inch label shall be placed on the
identification-marked side of the intermediate container. Two 4 by 4-inch labels
shall be placed on each exterior container that exceeds one-half cubic foot. One
label shall be placed on the identification-marked side, and one label shall be
placed on the opposite side. Smaller exterior containers shall be marked in the
same manner except that the 2 by 2-inch label may be used in lieu of the larger
label. The minimum size of the symbol shall be five-eights of an inch measured
vertically at the base of the triangle.

What actions cause materials to generate electrostatic voltages?

Are certain materials when placed together more apt to generate static
electricity than others?

How can electronic items be protected from static electricity?

What document covers the basic markings required for ESD sensitive
items?

)X XX
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PRESERVATIVES

GENERAL

Contact preservatives are materials that are applied to, or come in contact with,
items to protect them from deterioration resulting from exposure to
environmental conditions during shipment and storage.

Some preservatives protect items by providing a physical barrier against
moisture, air, and other agents of corrosion. These are contact preservatives.

Preservatives should be applied whenever items require protection against
deterioration. Some metals such as gold, platinum or beryllium are immune to
corrosion under ordinary conditions and seldom require the application of a
preservative.

Many items susceptible to corrosion can be made less subject to deterioration by
the application, at the time of manufacture and subsequent operations, of a
protective coating or plating which remains an integral part of the item during
its useful life. Such coatings and platings are called permanent preservatives.

Many items, however, because of close tolerances, operating characteristics such
as rolling, sliding, or bearing surfaces, or other limiting factors cannot be
protected with a permanent coating, but must be protected during shipment and
storage by temporary preservatives. These preservative materials are applied
after the item has been manufactured and must be removed before the item can
be used.

APPLICATION REQUIREMENTS

Most contact preservatives are oily or greasy in nature, and vary greatly in
chemical composition and consistency; therefore, they cannot be used
indiscriminately on all kinds of materials. They may even destroy the
usefulness of an item due to the difficulty of removal.

A preservative may penetrate into unwanted areas and cause swelling or
decomposition of the material, or reduce its electrical conductivity.

Petroleum preservatives are applied to those metal surfaces on which corrosion
in any form would impair the usefulness of the item or assembly.

EXCEPTIONS TO APPLICATION REQUIREMENTS

Petroleum preservatives are not applied to surfaces which are protected by solid
film lubricants, plastic or paint coatings. They are not normally used on
noncritical metal surfaces that are inherently resistant to corrosion such as
items made from copper, nickel, chromium, brass, bronze, or other corrosion
resistant metals.

Oily type preservatives are not applied to items that are vulnerable to damage
by the petroleum ingredients such as textiles, cordage, plastics, mica, rubber,
paper, felt, leather or prelubricated bushings.

Preservatives are not applied to certain types of electrical and electronic

components or equipment such as condensers, electrical connectors, distributor
rotors, circuit breakers, fuses, switches, resistors and rectifiers.
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Preservatives are not applied to any items which would suffer damage to the
mechanism or structure, or where malfunction or unsafe operational conditions
would result from the application or removal of the preservative.

Need for Temporary Preservatives
A great number of military supplies are made of such materials or are so
complex that it is either impossible or impractical to apply a permanent
preservative to them. Working parts of machinery, for example, are often
precision fit and must be free from any type of coating when in use.

Some bare metal items must be given a coating which will protect them from the
time they are made until they are used. This coating must be readily applied
and easily removed. Petroleum type preservatives are used for this purpose.
Other metal items must be protected by volatile corrosion inhibitors (VCI) or
desiccated packs.

Formerly, lubricating oils and greases were used. This was better than no
preservative, but these oils and greases proved inadequate for the full protection
desired.

To achieve full protection, there are two kinds of additives used in preservatives
to help prevent corrosion. They are known as inhibitors and polar compounds.
An inhibitor is a substance that slows down or prevents rusting by chemical
action. A polar compound is a substance that gives water displacing properties.

Various types of preservative oils and greases containing inhibitors and polar
compounds are referred to in military preservation specifications.

SELECTING THE PRESERVATIVE

It should be realized that there is no one preservative suitable for all purposes.
Selecting the right preservative must be as carefully considered as selecting a
proper cleaning process. In most instances, selection of the preservative has
been prescribed in procurement documents, process data sheets, special
packaging instructions, or similar forms.

Care must be taken that the preservative selected will not damage the
mechanism, structure, or function of the item, either when applied, in use, or
during removal. In making a selection, the following considerations should be
used.

Item Composition
As shown in figure 2-30, the composition of an item determines whether it needs
to be preserved and, if so, what kind of preservative will be used. Generally,
metal items are preserved with any of the petroleum type compounds.

Surface Finish
If the item is forged, stamped, rough cast, rough ground, or rough machined,
and has nonprecision surface, it may be protected by almost any of the
petroleum type preservatives. On the other hand, items with precision surfaces
should be protected with an oil or light grease type preservative. Figure 2-31
illustrates various surface finishes.
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SMPT 2602

SMPT 2603

Figure 2-31. Surface finish of the item.

Complexity of Construction

Items should be cleaned, dried, and preserved in as simple a unit state as
possible. Disassembled items with close tolerances should not be coated with
heavy greases or hard drying types of preservatives which may interfere with
or prevent reassembly. If disassembly is not practical or the item is highly
irregular with blind holes and crevices, heavy preservatives may be difficult to
apply and impossible to remove. Complexity of constructions is depicted in
figure 2-32.
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Extent of Protection Required
When an item is made from two different materials, for example, metal and
plastic, only the metal part of the item would be coated with a preservative. In
the case of the mallet, as shown in figure 2-33, no petroleum preservative would
be required.

Ease of, or Need for, Removal
The user of the item must be kept in mind when choosing the preservative. The
time required for removal, the equipment available, and the necessity for
removal are of importance to the user. Figure 2-34 illustrates this
consideration.

SMPT 2604

SMPT 2605

Figure 2-33. Extent of protection required.
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SMPT 2606

Figure 2-34. Ease of, or need for, removal.

Other Functions of the Preservative
In some instances, the nature of the item or assembly requires that the
preservative also act as a lubricating oil or hydraulic fluid. Figure 2-35 shows
items that have this requirement. In such cases, the lubricating requirements
must be met first and the preservative properties secondarily.

CONTACT PRESERVATIVES
There are several different temporary contact preservatives. We will describe
only the more frequently used.

MIL-PRF-16173, Grade 1, Hard Film, Corrosion Preventive Compound, Solvent Cutback,
Cold Application (formerly P-1)

Description and Characteristics
This is an asphalt compound dissolved in petroleum solvent. It dries to a hard,
thin, opaque film on the item when the solvent evaporates. Flashpoint of the
solvent is 100EF. It is suitable for protection of noncritical metal items that are
stored outdoors or where a "dry-to-touch" film is desired. In most cases,
overwrapping of an item coated with this compound is not necessary, due to the
hardness of the film.

Intended Uses
For preservation of items and equipment when removal prior to using the item
is not required. Examples of items preserved are simple hand tools, nuts,
washers, chains, etc.

Methods of Application
This preservative can be applied by brush, dip, or spray. For effective spray
application, the preservative material requires dilution with dry cleaning
solvent to a greater degree than for dipping or brushing.

2-45



TC 38-3/MCO P4030.23E/NAVSUP PUB 442/AFPAM(I) 24-205/DLAI 4145.1

Figure 2-35. Other functions of the preservative.

MIL-PRF-16173, Grade 2, Soft Film, Corrosion Preventive Compound, Solvent Cutback,
Cold Application (formerly P-2)

Description and characteristics

Intended Uses

This is a solvent-dispersed, corrosion-preventive compound, which deposits a
thin, soft film on the item. Flashpoint of solvent is 100EF. Items preserved with
this require a preliminary greaseproof wrap or are enclosed in a greaseproof bag
when a submethod requires a bag as the preliminary container, because it is a
soft preservative and will be absorbed by the packing materials.

It is used to protect interior and exterior metal surfaces destined for extended
undercover storage. Examples of items preserved are pipe and tube fittings,
pistons, piston rings, bearings and instruments, and exterior surfaces of
machinery. It is used outdoors for limited periods only.

Methods of Application

It is usually applied by brush, dip, or spray.

MIL-PRF-16173, Grade 3, Water Displacing, Corrosion Preventive Compound, Solvent
Cutback, Cold Application (formerly P-3)

Description and Characteristics

2-46

This is a solvent-dispersed, water-displacing corrosion-preventive compound,
which deposits a thin, nondrying film on the item upon evaporation of the
solvent. Flashpoint 100EF. Due to its chemical composition, this material has
a greater attraction to metal surfaces than water and actually displaces water
from metal surfaces.
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Intended Uses
This water-displacing preservative is intended for use where fresh or salt water
must be displaced from corrodible surfaces and for the protection of interior
surfaces of machinery and equipment under cover. Examples of items on which
it is used are radiators, boilers, and cooling systems.

Methods of Application
This preservative is generally applied by brushing, dipping, or spraying when
used to preserve exterior surfaces. When used on interior or enclosed surfaces,
it may be applied by filling or flushing.

MIL-PRF-16173, Grade 4, Transparent Film, Corrosion Preventive Compound, Solvent
Cutback, Cold Application (formerly P-19)

Description and Characteristics
This is a nontacky, transparent, thin film with a flashpoint of 100EF. This
preservative dries to a hard, transparent, nontacky film.

Intended Uses
This preservative is intended for general purpose indoor and limited outdoor
preservation of corrodible metals with or without an overwrap. This
preservative is also used where a transparent coating is required.

Methods of Application
The preservative may be applied by dipping or brushing at room temperature.

VV-L-800, Lubricating Oil, General Purpose, Preservative (Water Displacing, Low
Temperature) (formerly P-9)

Description and characteristics
This is a highly refined, light oil, containing rust-inhibiting additives. It also
has water-displacement characteristics. Its flashpoint is 275EF.

Intended Uses

VV-L-800 is intended for use in the lubrication and protection against corrosion
of small arms and in the lubrication of fuze mechanisms and lubricating and
preserving internal surface of machine assemblies (except combustion engines).
This oil is used frequently for preserving items submerged in oil in sealed
containers. Items, which are to be preserved with another petroleum
preservative, will sometimes be dipped in this one first to assure the removal of
any traces of water moisture.

Methods of Application
VV-L-800 is applied by brushing, dipping, spraying, flow coating, slushing,
filling, and fogging at room temperature.

MIL-L-21260, Type I, Lubricating Oil, Internal Combustion Engine Preservative and
Break-in (grades 10, 30, and 50) (formerly P-10)

Description and Characteristics
The viscosities (weight of oil) of this engine lubricating oil range from very light
to very heavy according to its grade. There are three grades of engine
lubricating oil. The grade of oil you use depends upon the kind of engine it will
be used in-

2-47



TC 38-3/MCO P4030.23E/NAVSUP PUB 442/AFPAM(I) 24-205/DLAI 4145.1

Intended Uses

X Grade 10 (very thin or light weight oil). Flashpoint 360EF.
X Grade 30 (medium weight oil). Flashpoint 290EF.
X Grade 50 (heavy weight oil). Flashpoint 400EF.

The engine oils being discussed here are intended for use in all types of ground
equipment at ambient temperatures above -10EF. As preservative media for
reciprocating internal combustion engines of both spark-ignition and
compression-ignition types, the oils are intended to protect engine parts from
deterioration during shipment and storage. The oils should be used as factory-
fill for all new and rebuilt engines intended for shipment and storage.

MIL-H-83282, Hydraulic Preservative Oil

The hydraulic preservative oils are covered by various specifications because of
differences in system requirements. The use of hydraulic preservative oil has
two purposes. First, it serves as a lubricant and second, it serves as a
preservative. The use of hydraulic preservative oil should be governed by the
kind of system to which it will be applied.

MIL-G-10924, Grease, Automobile and Artillery (formerly P-11)

Description and Characteristics

Intended Uses

A smooth, homogeneous mixture of mineral or synthetic oil or combination of
both with a gelling agent to give low and high temperature performance
between -65E and 225EF. Preservative grease is normally applied to items
where removal is not generally required.

For lubrication of automotive or artillery equipment. For use in the
preservation of antifriction bearings, gear boxes, and plain bearings. For use in
ball, roller, and needle bearings.

Methods of Application

Preservative grease is applied by the use of special pressure grease guns,
smearing with the hands, or brushing.

MIL-L-22110, MIL-PRF-3420, Volitile Corrosion Inhibitor, Treated Material and MIL-PRF-
22019, Transport VCI-Treated Barrier Material (formerly P-18)

Description and Characteristics

Intended Uses
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Volatile corrosion inhibitors (VCI) are chemical compounds which prevent the
corrosion of ferrous metals by releasing vapors. The vapors surround the item
and prevent moisture vapor from coming in contact with the surfaces. The
vapor will surround the item as long as the item is in a sealed barrier or
container. VCI is available in many different forms: powder, bore tubes,
impregnated in papers, in oils, etc.

For protection of unpreserved ferrous (iron) metal items. For use on nonferrous
metals for which compatability has been proven. VCI should not be used on
optical systems, most nonferrous metals, or in packs containing desiccants.
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MIL-C-10382, Corrosion Preventive (Food Handling Machinery & Equipment, Nontoxic)

Description and Characteristics
A smooth uniform mixture of petrolatum wax, lanolin and additives in
petroleum solvent. Flashpoint 2100EF minimum melt, or flow point minimum
150EF. Preservative is normally applied by spraying at room temperature to
produce a thin easily removable film on drying.

Intended Uses
For use on food handling machinery and equipment.

Method of Application
It is applied by spraying at room temperature.

METHODS AND TECHNIQUES OF APPLYING PRESERVATIVES
As soon as practicable after an item has been cleaned and dried, it should be
preserved in order to prevent or slow any rusting action. Regardless of the
method of application of the preservative, it is important to obtain an even
continuous coating on the metal item.

Application by Dipping

Figure 2-36 illustrates the dipping process. Due to ease of application, and total
coverage afforded by this procedure, it is the preferred method of application.
When items are dipped in a tank by hand or by conveyor, care must be taken so
that air bubbles are not trapped on the preserved item. Frequent stirring of the
preservative will prevent air bubbles from forming. After the preservative has
dried or set, the item should be placed on a precut piece of greaseproof barrier
material. This is the initial wrap for the preservation operation.

Application by Flow Coating
The procedure shown in figure 2-37 is accomplished by coating the inner surface
of the item by pouring preservative into the interior (sections) of the item.
Before applying the preservative, position the item in such a manner that the
excess preservative will drain off.

Application by Slushing
This procedure is accomplished by pouring the preservative into the part to be
preserved and rotating, agitating, or slanting it to ensure that all interior
surfaces are coated. The excess preservative is then drained, as depicted in
figure 2-38. After slushing, all openings in parts must be closed to exclude dust,
dirt, and other foreign matter. Plastic plugs may be used for this purpose.

Application by Brushing
This procedure should be used when no other procedure is available or
acceptable. Brushing is used frequently when only one portion or portions of an
item or assembly, like that in figure 2-39, require preservative application.
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PRESERVATIVE
COMPOUND

HAND DIPPING

SMPT 7I8A

Figure 2-36. Application by dipping.
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NOTE. POUR PRESERVATIVE INTO TUBE ALLOWING IT TO FLOW THROUGH
TUBE AND COVER INTERIOR SURFACES.

DRAINING EXCESS
| PRESERVATIVE |

NOTE. DRAIN EXCESS PRESERVATIVE FROM TUBE BY HOLDING TUBE OVER
PRESERVATIVE TANK ALLOWING PRESERVATIVE TO DRAIN INTO TANK.

SMPT 719A

Figure 2-37. Application by flow coating.
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C—DRAINING EXCESS PRESERVATIVE REPLACE CAP AFTER DRAINING
SMPT 717

Figure 2-38. Application by slushing.
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SMPT 7I6A

Figure 2-39. Application by brushing.

Application by Filling or Flushing
This procedure is accomplished by completely filling the item with preservative
until all interior surfaces are satisfactorily coated and then drained. If the
preservative is not drained, space must be allowed for thermal (temperature)
expansion. All openings should be sealed to prevent leakage. This procedure
is best suited for items similar to the one shown in figure 2-40 that, because of
their size or weight, cannot be easily handled.

Application by Fogging
Fogging is illustrated in figure 2-41. This procedure has application in the
preservation of such items as gasoline tanks, interior surfaces of engine cylinder
walls, and other closed chambers. This procedure consists of coating the interior
surfaces with a preservative injected as a cloud or mist from an air atomizing
gun until the interior surfaces are completely coated.

Application by Spraying
Spraying is accomplished by coating the interior or exterior surfaces of the item
with preservative applied as a spray. As shown in figure 2-42, normal spray
painting techniques should be followed in the application of preservatives by
this method.
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Figure 2-40. Application by filling or flushing.

SMPT 714

Figure 2-41. Application by fogging.
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SMPT 713

Figure 2-42. Application by spraying.

Checkup
What is a preservative?
What is a distinguishing characteristic of MIL-PRF-16173, Grade 1?

Which method of preservative application should we use when no other
is available or acceptable?

<X X

PRESERVATIVE APPLICATION PRACTICAL EXERCISE

Objective
The student will answer questions on the selection and application of the proper
preservative.

General Instructions
This exercise will require approximately 1-1/2 class periods.

The instructor will hold the critique when the students have completed the
practical exercise.
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Conduct of Exercise

Situation
As a packaging technician, you are to select the correct preservative for metallic
items after they are cleaned.

Requirement No. 1. Answer the following questions.

1. What are the two basic types of preservatives?

2. When official information cannot be found, what factors will help to
determine the preservative to be used?

3. Which preservatives are often used for small arms?
4. What are the seven methods of preservative application?
5. What is the preferred method of applying preservatives?

6. What method of applying preservatives should we use only when no other
procedure is available or acceptable?

7. Which preservatives do not usually require overwrapping?
8. Which preservatives can displace water on a metal surface?

9. Which preservative does not itself contact the item but uses a vapor shield
instead?

10. What is a preservative?

11. Which preservative is used as a preservative and a break-in lubricating oil
for internal combustion engines?

12. What are contact preservatives?
13. Why is there a need for temporary Petroleum type preservatives?
17. To what types of items are oily preservatives normally not applied?

Critique
Instructor will orally critique the practical exercise questions.

Care of Area, Training Aids & Equipment
Not applicable.
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PRESERVATION MATERIALS AND HEAT SEALING EQUIPMENT

PRESERVATION

Preservation Goal

In military preservation, the primary goal is to afford the required protection at
the least possible cost. A considerable amount of money has been wasted on
excessive preservation. Many times it has been observed that the preservation
costs have exceeded the cost of the item when the item was not critical and did
not require the degree of protection it received. In order to accomplish this goal,
the military must have preservation personnel who know the characteristics of
products to be preserved and how to select the proper preservation method and
details to provide the kind and amount of protection required.

Preservation Cost Savings

The greatest savings in preservation costs are possible through the application
of basic preservation knowledge by trained personnel.

DISCUSSION OF PRESERVATION MATERIALS AND EQUIPMENT

These are a variety of materials available for use as barriers, wraps, cushions,
and interior containers. Each one has characteristics which make it suitable for
use in preservation. Those described below are most commonly used.

Barrier Materials and Wraps

Barrier Material, Greaseproofed, Waterproofed, Flexible (MIL-B-121)

This material is used for protection of military supplies and equipment during
transportation and storage under all climatic conditions. It is available in a
variety of types, grades, and classes.

Grade A is used as a unit container (wrap or bag) in Method 20 and Method 33.
Also as the first greaseproof wrap to maintain and protect coating of oily or soft
preservatives. Class 1 Heat sealable, nonstretchable is used for making
greaseproof, waterproof bags (Method 33) or waterproof bags (Method 32 and
Method 31) as shown in figure 2-43. Class 2 Non-heat sealable, stretchable is
used as an intimate wrap (first wrap) to maintain and protect items coated with
oily or soft preservatives as depicted in figure 2-44.

SMPT 2612

Figure 2-43. MIL-B-121 barrier used for making greaseproof, waterproof bags.
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SMPT 2613

Figure 2-44. MIL-B-121 barrier used as a greaseproof wrap.

Barrier Material, Watervaporproof, Flexible, Heat Sealable (MIL-PRF-131)
There are two types of material. Type I is non-flame resistant and type 11 is
flame resistant. Type | barrier material is available in three classes:
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Class 1-Plastic and non-woven backing. There are no size or weight
limitations for items placed in bags made from Class 1 material used for
general preservation applications.

Class 2-Kraft (limited use). Items to be placed in bags made from Class
2 (Kraft) material must not exceed a weight limitation of 10 pounds and
a size limitation of 42 inches (sum of length and width of barrier
material). This material can only be used for items that meet these
limitations. Class 2 material shall not be used in the fabrication of
Methods 44 and 54 (floating bag).

Class 3-Scrim (woven fabric) backing. There is no size or weight
limitations for items to be placed in bags made from Class 3 (scrim)
material.

This material is used to make unit containers in submethods where
watervaporproof bags are required. Class 1 is used for making watervaporproof
bags and watervaporproof floating bags, as shown in figures 2-45 and 2-46.
Since Class 2 material has limited use, it can only be used for items weighing 10
pounds or less and a size limitation of 42 inches (total of length and width), as
depicted in figure 2-47.
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SMPT 2214

SMPT 2615
Figure 2-46. Watervaporproof floating bag (MIL-PRF-131, Class 1).

SMPT 2618
Figure 2-47. Watervaporproof bag, sealed (MIL-PRF-131, Class 2).
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Aluminum Foil (A-A-1676)
This material is noncorrosive, flexible, and greaseproof. It cannot be heat
sealed. Direct contact of aluminum foil with metals other than cadmium,
magnesium, aluminum, or zinc should be avoided if the item may be exposed to
water to prevent a galvanic (rust) action. This material can be used as the first
wrap around an item coated with an oily or soft preservative as shown in figure
2-48.

Barrier Material, Waterproofed, Flexible (PPP-B-1055)
This material is available in fifteen classes. It is fabricated with kraft paper
laminated with asphalt. Figure 2-49 illustrates the use of this material as case
liners, interior wraps and shrouds, and temporary tarpaulins.

Plastic Sheet and Strip, Thin Gauge, (Polyolefin) (L-P-378)
This material is a clear transparent plastic that is available in flat cut sheets or
rolls and is available in four types, four classes, three grades, and two finishes.
This plastic film material is intended for use in general preservation operations
where transparency, water resistance, and dust protection are desired. It may
be used in the construction of Methods 31 and 32.

SMPT 2618

Figure 2-48. Aluminum foil used as a greaseproof wrap (A-A-1676).
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CASE LINERS

INTERIOR WRAPS

INTERIOR SHROUDS

CRATE LINERS

TEMPORARY
TARPAULINS

SMPT 2216A

Figure 2-49. Use of waterproofed flexible barrier material (PPP-B-1055).
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Barrier Material, Transparent, Flexible Heat Sealable (MIL-PRF-22191)

This material is available in three types. Type | is watervaporproof, waterproof,
and greaseproof. Type Il is waterproof, and greaseproof. Type Il is waterproof.

Since this material is relatively costly, it shall be used when transparent unit
protection is required to aid in the inspection of packs and shall be as specified
in the contract or order. The kind of protection given to an item is achieved
through the use of the correct type of material, as illustrated in figure 2-50. This
material is authorized for use in Methods 31, 33, 41, 51, 52, 53, and Method 54.

Laminated and Creped Wrapping Paper (MIL-P-130)

This material is a heavy neutral wrapping paper used on heavier items and
items with sharp corners. It is available in three types. It is used as a
protective cover or wrapper over items that are wrapped in greaseproof barrier
for an additional cushioning effect. It is not to be used as a greaseproof or
waterproof barrier material. It is also used as an initial neutral wrap where a
noncorrosive, dust protective wrap is required as part of a unit pack.

Chemically Neutral (Noncorrosive Wrapping Paper) (MIL-P-17667)

This material is a thin neutral wrapping paper used on lightweight items and
is available in two types and two classes. It may be used as an initial or
intimate wrap where a noncorrosive and nongreaseproof wrap is required.
Caution should be exercised in using this material where highly polished or
critical surfaces of silver and magnesium are involved since dulling of these
metals' surfaces has been noted after prolonged periods of storage.

| TYPEI

WATER VAPORPROOF, WATERPROOF, GREASEPROOF
THIS BARRIER MATERIAL IS USED FOR
METHOD 41 AND METHOD 51.

TYPE I

WATERPROOF. GREASEPROOF
THIS BARRIER MATERIAL IS USED FOR
METHOD 20 AND METHOD 33.
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TYPE Il

WATERPROOF
THIS BARRIER MATERIAL IS USED
FOR METHOD 31 AND METHOD 32.

SMPT 2623D

Figure 2-50. Use of MIL-PRF-22191.
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Treated and Untreated Kraft Wrapping Paper (A-A-1894, A-A-203)
These materials have no special identification marking on either side. They are
generally referred to as brown wrapping paper. A-A-203 is untreated and
unbleached, while A-A-1894 is treated and is unbleached. They are used as an
overwrap where a neutral, greaseproof, waterproof or watervaporproof barrier
is not required such as in Method 42.

Cushioning Materials

Cellulosic Cushioning Material (A-A-1898)
This material is made of layers of paper and is available in two types and two
classes. Type | is water absorbent and Type Il is water resistant. Class A is low
tensile strength, filler material, while Class B is high tensile strength, wrapping
material.

This material is used for surface protection, cushioning sharp projections, and
as a filler or dunnage material. The water absorbent type is used to cushion
liquids in transit. It is dusty and will absorb moisture; therefore, it should not
be placed next to an unprotected item. The water-resistant type can be used
where a cushioning material is required to resist water in preservation
operations.

Uncompressed Bound Fiber Cushioning Material for Packaging (PPP-C-1120)
This material is made of uncompressed, fiberous cushioning materials in rolls,
flat sheets, and molded forms for preservation and packing operations. It is
intended to protect against vibration and impact shocks. It is used for general
cushioning applications and is cut to size or molded as needed. Bound fiber is
abrasive and should not be used next to unprotected items. This material is
available in five types and four classes.

Cushioning Material, Cellular, Plastic Film (For Packaging Applications) (PPP-C-795)
This material is furnished in two classes. Class 1 is transparent and Class 2 is
opaque. The material has uniform distributed closed cells (bubbles) on one face
and a flat surface on the other face.

It is intended for use within unit packs to protect items from damage due to
shock, vibration, corrosion, and abrasion during handling and shipment. The
material is especially suitable for use as cushioning within transparent bags and
envelopes. CAUTION: Air bubbles may burst at high altitudes.

Cushioning Material, Polystyrene, Expanded, Resilient (For Packaging Uses) (PPP-C-850)
This material is essentially solid bubbles of polystyrene fused together to form
sheets. It comes in two types--Type I, sheet form, and Type I, roll form. The
material is nonabrasive and fungus and mold resistant. It is used as a
cushioning material within packs to protect items from damage due to shock,
vibration, and abrasion.

Cushioning Material, Packaging, Closed Cell Foam Plank (A-A-59136) or Packaging
Material Sheet (A-A-59135)
This material is preformed polyethylene foam. It comes as planks, sheets, or die
cuts in several densities. This cushioning is noncorrosive and nonabrasive. One
form of the material is designated as an antistatic sheet and produces no static
electricity during use.
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Cushioning Material, Resilient, Low-Density, Unicellular, Polypropylene Foam (PPP-C-
1797)
This material consists of thin sheets of a low density, closed cell foam in 1/16,
3/32, 1/8, and 1/4-inch thickness. It is noncorrosive, nonabrasive, nondusting
and provides good thermal insulation. It is used to cushion light items and
equipment with critical surfaces.

Cushioning Material, Plastic, Open Cell (For Packaging Application) (PPP-C-1842)
This material is formed from plastic sheets laminated together into a network
of uniformly distributed open cells. It is heat-sealable and transparent and
comes in three types. Type | is hexagonal; Type Il is fluted; and Type 11l is
hexagonal and electrostatic free.

Insulation, Thermal (Vermiculite) (ASTM C 516)
This material is a loose-fill, absorbent cushioning. It is used for cushioning
breakable containers of liquid.

Rigid or Flexible Polyurethane Foam (MIL-PRF-26514)
This material consists of prefoamed rigid and flexible foam. Type I is called
standard foam. Type Il is called anti-static foam. Both are available as class 1,
rigid, or class 2, flexible. The foam is relatively non-dusting.

Packaging Tapes

Tape, Gummed, Paper, Reinforced and Plain, for Sealing and Securing (A-A-1492, A-A-

1671)
These tapes are gummed paper and require water to activate the adhesive.
They are available in various types, classes, and grades. Types | and 11 of these
tapes are used for closure of fiberboard boxes for domestic shipment and storage;
securing wraps on packs; banding of tubes, wire pipe, hose, etc. Type Il is used
for general sealing of cartons and fiberboard boxes, wrappers of packs, and
banding of paper and paper products.

Pressure-Sensative Tape for Packaging, Box Closure, and Sealing (ASTM D 5486)
This tape is water-resistant and pressure-sensitive. It is available in five types
and two classes. The types designate the backing material and for which
application the tape should be used. Class 1 indicates the tape is colored, while
class 2 is transparent.

Type | is a polyester film-backed pressure-sensitive tape intended for box closure
and sealing applications where strength and resistance to sunlight, rain, and
other deteriorating elements are required. It is usually used on weather-
resistant fiberboard. The tape is intended for H-type closure or sealing of
regular slotted boxes and other applications where the tape will be overlapped
onto itself. Type I, class 2 transparent tape can also be used for label
attachment and covering applications where weather resistance is needed.
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Type 1l is a polyester film-backed pressure-sensitive tape intended for box
closure applications where strength and water-resistance are required. It is
usually used on domestic grade fiberboard. The tape is most suited for center
seam closure of regular or regular slatted boxes and other applications where
the tape will not be overlapped onto itself. Type I, class 2 tape is also used for
label attachment and covering applications where water resistance is desired.

Type 111 is a polypropylene film-backed pressure-sensitive tape intended for box
closure applications where a general purpose water-resistant tape is desired.
It is used on domestic grade fiberboard. The tape is suited for center seam
closure of regular slotted boxes.

Type IV is a woven cloth-backed pressure-sensitive tape for less critical
packaging applications where a cloth-backed tape is desired.

Type V is a paper-backed weather-resistant, water-resistant pressure-sensitive
tape for box closure and sealing applications where weather resistance and
water resistance are required. It may be used on weather-resistant or domestic
fiberboard. The tape is suited for center seam and H-type closures or sealing of
regular slotted boxes and other applications where it may be overlapped onto
itself.

Pressure-Sensitive Tape for Packaging, Filament Reinforced (ASTM D 5330)

This tape is intended for use in closing and reinforcing fiberboard boxes and for
bundling items for shipment. It is available in 4 types as follows:

X Type | is an impact and cut-resistant low-tensile strength tape, usually
with polyester fiber reinforcement. It is intended for bundling and
similar applications and use where a greater amount of stretch before
break provides an improvement in impact resistance over glass filament
reinforcement.

X Type Il and 111 are intended for reinforcement of RSC’s and similar
fiberboard boxes and for bundling, where a snug bundle must be
maintained, and other similar applications

X Type IV is intended for applications in which weather-resistance high-
tensile strength tape is required.

Tape, Pressure-Sensitive Adhesive, Plastic Film, Filament (MIL-T-43036)

This tape is available in two types, Type | reinforced polyester film and Type Il
non-reinforced polyester film. It is used primarily for sealing fiber containers
and cans.

Interior Containers

Figure 2-51 illustrates commonly used interior containers.

Fiberboard Shipping Boxes (ASTM D 5118 and ASTM D 1974)

A fiberboard box is a container made of one or more pieces of corrugated or solid
fiberboard. The pieces are creased, slotted, joined, and folded according to
standard styles. Fiberboard boxes are available in two types: corrugated
fiberboard (CF) and solid fiberboard (SF). Type CF is available in single wall
(SW) and double wall (DW). There are four classes of fiberboard boxes: Class
Domestic, Class Weather-Resistant, Class Waterproof and Water Vapor
Resistant (WWVR), and Class Domestic/Fire Retardant.
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SET-UP BOX METAL STAYED BOX
SMFPT 2622A

Figure 2-51. Examples of interior containers.

Paperboard Folding Boxes (PPP-B-566)
These boxes are suitable for use in unit packing of small parts. They are not
waterproof and require a barrier material overwrap for waterproof protection.
They are available in 14 styles and many classes and subclasses. Weight
limitation of contents for this box is 20 pounds.

Setup Boxes (ASTM D 5118)
Setup boxes are used for interior packing of small items and for stackability in
storage areas. These boxes are available in four types, five classes, and four
styles. The weight limitation of contents for this box is 10 pounds.

Metal Stayed Paperboard Boxes (A-A-866, A-A-1623)
Metal stayed paperboard boxes are used for interior packing of small items and
for stackability of supplies in storage areas. These boxes are available in nine
styles and two classes. The weight limitation of contents for the class 1 metal
stayed box is forty pounds. The class 2 metal stayed box is for items which
weigh 10 pounds or less.

Metal Reusable Shipping and Storage Drums (MIL-D-6055)
The metal reusable drums are made of aluminum or steel and furnished in
various sizes. The drums are made with a fully removable cover secured by an
exterior locking ring. This locking ring is held in place by a removable nut and
bolt. The container is supplied with a rubber gasket to provide a barrier against
watervapor. The reusable container is mainly used for the packing of delicate
instruments, electrical/electronic components, relays, and small electric motors.
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Preservation Equipment

Heat Sealing

The reason for heat sealing is to accomplish closure of certain bags and provide
a seal having the same waterproof or watervaporproof properties as the barrier
material itself. Heat sealable barrier materials are generally constructed of
layers of different materials, laminated together, to form a sheet, as shown in
figure 2-52.

X

Heat sealable face. The heat sealable face (thermoplastic ply) has the
characteristic of becoming semifluid when exposed to heat. When two
faces are placed together in the presence of heat, the faces combine with
each other. After cooling the two faces are fused together into a
leakproof seal.

The impervious ply. The impervious ply is made of metal foil
(aluminum) or a plastic film. This ply provides the greaseproof,
waterproof, or watervaporproof characteristics to the barrier material.

The backing ply. This ply is laminated to the heat sealable face and the
impervious ply to provide the strength and abrasion resistance to the
material. It also allows for printing of required information for
identification.

Temperature. Temperature is an important and critical factor affecting
the heat-sealing process. Enough heat must be applied to the
thermoplastic material on the sheets to be bonded to allow it to soften
and reach its flow temperature. The thermoplastic plies will flow into
each other and form one continuous mass. When the source of heat is
withdrawn, the molten thermoplastic will cool and become a single, solid
film producing a seal. Too low a temperature may result in either no
seal being made or a weak seal because the thermoplastic has not
reached its flow temperature. Too high a temperature may cause
delamination or separation of the backing ply from the other plies.
Manufacturers of heat sealable barrier materials are required to supply
recommended temperatures for effective sealing of their materials on
different types of equipment.

Dwell time. Dwell time is the length of time the material remains in the
heating zone. Enough time must be permitted to raise the temperature
of the heat-sealable face to reach its flow temperature and allow the
molten thermoplastic surfaces to form one continuous mass. Dwell time
and temperature are interdependent. The lower the temperature, the
greater must be the dwell time, and vice-versa, provided that the limits
for each factor are not exceeded.

Pressure. The purpose of using pressure is to bring the surfaces to be
sealed into intimate and continuous contact. Excessive pressure will
force out the molten thermoplastic material which will result in
defective seals.
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HEAT SEALABLE FACE

IMPERVIOUS PLY

BACKIMNG PLY
{(MAY BE EITHER PLASTIC,
KRAFT, OR SCRIM BACK)

SMPT 114B

Figure 2-52. Construction of heat sealable barrier material.

Heat Sealing Equipment
Heat sealing equipment can be divided into two general classifications - unit
type and continuous type. Each type may have many variations or attachments,
depending upon the manufacturer; however, the basic operation is essentially
the same within each classification since the machines must be equipped with
adjustable, directly calibrated controls for pressure, temperature, and dwell
time, as shown in figure 2-53.

X Unitor jaw-type heat sealer. This type of heat sealer has two opposed,
parallel jaws which can be brought together either manually or
mechanically. One or both of the jaws are provided with heating
elements. The jaws of a unit-type sealer are sometimes covered or
coated with an antistick facing material to prevent adhesion of plastic
films to the hot surfaces. Examples of antistick materials are silicone
or teflon. Some sealers are made with one or more resilient jaws which
help to smooth out irregular thicknesses of material, such as wrinkles,
splices, gussets, etc. The resilient material used on the jaws is silicone
rubber.
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ELECTRONIC
HEAT SEALER

CONTTINUIOUS TYPE HEAT SEALER

SMPT 314B

Figure 2-53. Heat sealing equipment.
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X Continuous-type heat sealers. There are two basic variations of the

continuous-type sealer known as rotary and band-type sealers, which
are used for high volume heat-sealing operations. Rotary sealers in
their simplest form consist of a pair of driven and heated rollers between
which the material to be sealed is passed. The rotating wheels are used
to apply heat and pressure to the barrier material to effect a seal. Dwell
time is controlled by varying the rate of speed at which the material
passes through the rollers. Rotary sealers are usually equipped with a
chain or belt-type intake and/or discharge unit to feed the material into
the sealer and guide it out after it has been sealed. Some sealers employ
"preheaters” to raise the temperature of the thermoplastic prior to
sealing. Band-type continuous sealers make use of two thin endless
metal belts to carry the material through the heating zone (and
sometimes a cooling zone) while applying pressure and heat
continuously to the barrier material. The addition of water blocks for
cooling enable this type of sealer to be used for sealing unsupported
(plastic) films. Water cooling is used to set the seal before ejecting
material from the sealer and to offset sticking of polyethylene and
polyolefin. Hose or tubing is run from the source to the sealer and out
to the sump. A fairly good flow of water is recommended for sealing
polyolefin, polyethylene, and similar films. The band-type sealer may
look like a rotary sealer but operates on a different principle. Heat is
transferred from the heating jaws through the metal bands to the
barrier material. Temperature is thermostatically controlled. Dwell
time is controlled by varying the speed of the bands through the heating
zone. Pressure is usually applied by pressure rollers although a small
amount of pressure is applied to the bands by the heating jaws. The
roller pressure is controlled by mechanical and/or hydraulic power.
Continuous type sealers for unsupported plastic films are also available.
They employ a water cooled belt in addition to the heated belt to
eliminate the possibility of the unsupported film melting and fusing onto
the steel belt.

Other types of heat sealers. There are two other types of heat-sealing
machines which are used primarily for the sealing of unsupported
(plastic) films. The electronic type uses a high frequency current to
generate heat in the surface to be sealed as the material passes between
two electrodes. The electrodes remain at room temperature. The
thermo-impulse type sealer looks like a conventional jaw-type sealer
and operates mechanically the same way except that an electrical-
resistance wire is mounted on one sealing jaw. The electrical-resistance
wire placed in contact with the material is heated in a fraction of a
second by a heavy current flow to melt and fuse the thermoplastic. The
jaws remain closed after the flow of current, thus cooling the seal under
pressure. Polyethylene, vinyl, polystyrene, and polyester are commonly
sealed using this type of sealer. The thermal-impulse principle allows
effective sealing through liquids, powder, wrinkles, and gussets and
makes them adaptable to any process which requires two or more
thermo-plastic films to be joined together.
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Checkup

What is dwell time?

Name the plies of a typical heat sealable barrier.

What does the impervious ply provide the heat sealable barrier?

What are the essential factors in making a proper heat seal?
What would be the result if too high a temperature is used?

RO XX

PRESERVATION MATERIALS AND HEAT SEALING EQUIPMENT PRACTICAL EXERCISE

Objective
As a result of this practice, the student will be able to identify materials used in
military preservation.

General Instructions
Each student will identify barrier materials and tapes used in preservation and
fabricate a sample booklet.

The time to accomplish this practical exercise is one hour.
The practical exercise will be conducted in the classroom.
Conduct of Exercise

Situation
As a processor you are required to be familiar with the physical characteristics
and intended uses of the various barrier materials and tapes used in
preservation.

Requirement
Each student will be issued a barrier booklet and 2 metal fasteners. Each
student will receive barrier materials, wraps and tape samples. ldentify each
sample of material and insert, after the printed sheet which identifies the
material. After all samples have been inserted, fabricate material samples
booklet by attaching booklet cover sheet and pages together and install
fasteners.

Critique
Instructor will orally critique the packaging materials sample booklet.

Care of Area
Not applicable.
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CUSHIONING, BLOCKING, AND BRACING
CUSHIONING, BLOCKING AND BRACING

Purpose of Cushioning, Blocking, and Bracing Materials
When working with cushioning, blocking, and bracing materials, we should
know the purpose of each one and when and how they are used.

Cushioning
Figure 2-54 shows a typical use of cushioning as the means of providing physical
and mechanical protection to an item by controlling the movement of the item
within the container. It involves the use of resilient materials to support an
item and reduce the intensity of shocks. In a previous session we discussed
various materials which we can use to cushion our items.

SMPT 2648

Figure 2-54. Cushioning used to control movement.
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Blocking and Bracing
Blocking and bracing is the means of providing physical and mechanical
protection to an item by preventing movement of the item within the container.
It involves the use of rigid materials to position and hold the item in the
container. Lumber, plywood, and particle board, as in figure 2-55, are the
materials most commonly used. Solid fiberboard pads or similar materials are
sometimes used.

NON CORROSIVE MATERIAL
N

NN F
BLOCKING AND BRACING SMPT 415

Figure 2-55. Blocking and Bracing used to prevent movement.
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Functions of Cushioning
When cushioning is properly applied to a pack, it can serve any or all of the six
functions shown in figure 2-56.

Absorbs Shocks Due to Impact
One of the primary functions of cushioning is to absorb energy transmitted as
the result of an impact shock striking the container. The shock is absorbed as
the cushioning material is compressed by the item. The extent of absorbing
shocks will depend upon the degree of compressibility of the cushioning material
and the thickness in which it is applied.

Distribute Forces
Cushioning materials reduce the effects of shock to the item by distributing the
damaging forces over a larger area, thus reducing the shock concentration at
any one point on the surface of the item. The most effective distribution of
forces will result when the cushioning surrounds the entire surface of the item.

Control Movement and Vibration
Cushioning, when properly applied, controls movement of the item within the
barrier or container and tends to reduce vibrations due to external forces.

Prevent Surface Abrasion
Cushioning is used to prevent surface abrasion to items that could be damaged
from abrasive preservation and packing materials. This is accomplished by
utilizing a thinner application of cushioning material than that required for
shock protection since the purpose is to have the cushioning act as a buffer.

Prevent Rupture of Barriers and Container
In some instances, cushioning is accomplished mainly to protect the container
or barrier material enclosing the item and not the item itself. This function of
cushioning has special application in cases in which waterproof or
watervaporproof barriers are used as unit containers, and the absence of water
or moisture is essential to the effectiveness of the package.

Protect Fragile Items
Sometimes fragile or delicate components form a part of otherwise sturdy items
and can be disassembled and packed separately. When disassembly is not
allowed and the parts must be left on the item, adequate cushioning should be
provided in relation to their fragility, their place in the container, and
anticipated hazards they would come in contact with.
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CONTROL MOVEMENT

PREVENT RUPTURE
OF BARRIERS AND
CONTAINERS

\ FORCES

ABSORBS SHOCKS
DUE TO [IMPACT

Figure 2-56. Functions of cushioning.
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Factors to be Considered with Cushioning, Blocking, and Bracing

Shock Resistance

Size

Shape

Weight

2-76

In planning to cushion, block or brace an item in a shipping container, the
nature and physical limitations of the item must be thoroughly considered.

The resistance of an item to shock is determined by its ability to withstand
impact without damage, and is the primary factor in determining whether an
item is to be regarded as rugged, semifragile, or fragile:

X Items are considered rugged if they can withstand severe impact
without damage. Rugged items can be blocked and braced rigidly.
Generally, cushioning is used with rugged items only to prevent surface
abrasion.

X Items are classed as semifragile if they can withstand a limited amount
of impact with damage. Many semifragile items are fastened to one face
of the container to prevent pressure on the item due to distortion of the
container under impact. At least 2 inches clearance should be allowed
in these cases between the item and all other faces of the container.
Cushioning will be used in the packing of semifragile articles to prevent
surface abrasion and to absorb part of the impact.

X Items are classed as fragile if they can withstand very little impact
without damage. If an item is fragile, the interior pack must be made
to provide sufficient cushioning to absorb any shocks the pack may
receive. Fragile items should not be fastened to, or come in contact
with, any face of the shipping container. They may be blocked and
braced to one or more faces of an interior container which in turn is
floated by cushioning in an exterior container.

A large item does not necessarily require more extensive or stronger blocking or
large amounts of cushioning than a smaller item by virtue of its size alone. The
large container needed by the large item may require more extensive and
stronger blocking to bridge the wider spans between the container faces or frame
members. By the same token, a large item may require that the cushioning be
distributed over larger areas than on a smaller one.

A regular-shaped item requires minimal or no blocking in the container,
whereas an irregular-shaped item requires an elaborate system of blocks and
braces to secure it in place. Curved surfaces call for carefully fitted blocking and
bracing to prevent damage of the item. However, foam-in-place polyurethane
is a valuable tool for accomplishing a naturally conforming blocking and bracing
with a minimum of labor. Long, slender items, especially if heavy, develop
considerable end thrust when subjected to impact and must be blocked to
prevent endwise movement.

Where weights are concentrated upon small areas, it is often necessary to
distribute the weight over larger areas or to transmit part of the weight from
one container face to the edges or corners of the container. For purposes of
blocking and bracing, containers are stronger at or near the corners and are
weaker at the unsupported center areas. The heavier and more concentrated
the weight of the item is, the stronger must be the blocking and bracing to
safeguard the life of the pack.
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Degree of Disassembly Permissible

Types of Loads

It is advisable to examine the possibilities of disassembling an item prior to
planning the pack, especially if the item has one or more projecting parts.

Disassembly may simplify blocking and bracing requirements, reduce the size
of the container, or simplify preservation of the various parts. Before
disassembling any piece of equipment, proper authorization must be obtained.

The term type of load refers to the contents of a container (see MIL-STD-2073-
1C) and its ability to add strength or cause damage to the faces of the container.
Blocking and bracing is sometimes used in connection with Type 2 loads. In the
case of type 3 loads, however, it is an unavoidable operation due to the irregular
shape, fragility, heaviness, or high density of items which make up such loads.
Cushioning is applied to the three types of loads. In the case of Type 1, it is used
primarily to prevent surface abrasion; in the case of Type 2, to prevent surface
abrasion and to absorb part of impact shocks; and in the case of Type 3 loads, to
prevent contact of the items with each other and/or with the faces of the
container, and to absorb shocks, jolts, and vibration.

Mounting Provisions

Frequently, it is possible to secure an item within the container using available
mounting provisions. When the item has no adequate mounting facilities, one
of the following methods may be used to secure it in place:

X It may be strapped to a mounting board and the mounting board bolted
to the base of the container.

X If it is heavy, it may be suspended in a metal, wood, or combination
wood and plywood frame, which is bolted to the base.

X For heavy items with irregular lower surfaces, the blocking may be built
as part of the base of the container. This permits the item to be lowered
onto the blocking and fastened in place.

Cushioning Methods

Floated ltem

There are three common methods of cushioning. They are known as the floated
item, floated package, and suspension mounting.

In this method the item is floated in cushioning and placed directly into a
shipping container as depicted in figure 2-57. This is the method most
commonly used for cushioning small, lightweight, fragile items against shock,
vibration, and abrasion. Direct contact of cushioning materials on metal
surfaces should be avoided. An accepted and highly recommended practice is
to wrap the item first in noncorrosive paper and then apply the cushioning.
Greaseproof paper is required if the item is preserved. Cushioning materials
must be secured about the item. Loose cushioning may result in either the
displacement of the material when the item is subjected to shock, its
disintegration under repeated vibration, or the production of dust or loose
particles which will be trapped within the item. Since a container may be
dropped on any one of its six faces, the cushioning material must withstand the
full impact of the entire weight of the article in any direction.
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JMPTC 194A

Figure 2-57. Floated item.

Floated Package

Figure 2-58 shows the floated package method. The item is packaged in an
interior container which in turn is floated in cushioning material. This method
is generally used in connection with semifragile items of medium size and
weight. The item is initially packed (which may include cushioning or blocking)
in an interior container, then floated in cushioning and placed into an exterior
container. A typical example of this method is the cushioning of an electrical
part. Even though it may appear sturdy, it is moderately fragile due to its
internal construction.

Suspension Mounting

This method is used to cushion fragile items and sensitive instruments or
mechanisms that can be damaged by shock and vibration. The weight and size
of the item may vary from light and small to heavy and large. The shock mounts
may consist of a variety of materials and devices as shown in figure 2-59. This
method of cushioning may be accomplished in many ways; among which the
item may be suspended directly. The item may be blocked in a cradle and the
cradle suspended. The item may be blocked in an intermediate container, and
the intermediate container suspended. Due to a higher degree of fragility,
delicacy and/or sensitiveness of the articles that are cushioned by this method,
its use is always governed by detailed packaging

2-78



TC 38-3/MCO P4030.23E/NAVSUP PUB 442/AFPAM(I) 24-205/DLAI 4145.1

INTERIOR PACK

CUSHIOMING

FLOATED PACK
SMPT 2506

Figure 2-58. Floated package instructions.

L STEEL SPRING

FOAM BLOCK

SMPT 195 CUSHION BLOCKS

Figure 2-59. Methods of cushioning - Shock Mounts.
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Cushioning characteristics
The chemical and physical properties of cushioning materials are many and may
show both desirable and undesirable characteristics. Figures 2-60, 2-61, and 2-
62 illustrate these characteristics. All cushioning used should be clean and dry
as practicable.

Resilience

When a cushioning material springs back to its original shape and thickness
after having been compressed under a load or pressure, such material is said to
Most cushioning materials, with the exception of rubber and
rubberized products, do not approach 100 percent resilience in their
performance. Resilient materials have special application when used in the

be resilient.

cushioning of delicate instruments.
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DURING COMPRESSION

RESILIENCE

RATE OF RECOVERY

COMPRESSION SET

N1

AFTER COMPRESSION

SMPT 181

Figure 2-60. Cushioning characteristics.
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Figure 2-61. Cushioning characteristics.

Compression Set

When a load is applied to a cushioning material, it loses some of its original
thickness. Upon removal of the load, the difference between the thickness of the
compressed material and its original thickness is known as compression set.
Compression set has a direct relation to resilience. Resilient materials show
very little or no compression set. The presence of moisture or liquid water in
cushioning materials increases compression set. This is another important
reason that the materials used be as dry as practicable.

Rate of recovery

This is the time it takes for a cushioning material to return to its original shape
after compression. Some materials have too rapid a recovery and "spring back"
so quickly that damage to the item may result.
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Figure 2-62. Cushioning characteristics.

Liquid-Absorption Capacity
The liquid-absorption capacity of cushioning materials varies form highly
absorbent to very low absorbent materials. In some instances the use of a
cushioning material that will absorb liquids due to leakage or breakage of the
container during transit will be advantageous. When cushioning metal items
or items made of organic materials which will be damaged by the presence of
moisture or water, the low absorbent cushioning material will be used.

Dusting

The presence of small particles of fibrous materials in preservation and packing

is undesirable since these particles can cause damage to mechanical assemblies.
All cushioning materials dust to some degree.

Corrosiveness

Cushioning materials contain chemicals that form corrosive solutions in
conjunction with moisture. When an item may be damaged by corrosion, a

noncorrosive material should be used or the cushioning should be separated
from the item by use of barrier material.
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Abrasiveness
Many cushioning materials will cause abrasion on item surfaces. Avoid placing
these materials
in direct contact with critical surfaces. Where critical surfaces are involved,
barrier material must be used between the item surface and the cushioning.

Temperature Limitations
Cushioning applications for military use are subject to temperatures from -65F
to 160F. The higher temperature requirement may cause increased compression
set. Lower temperature requirement causes stiffness, resistance to compression
and brittleness.

Electrostatic Field Shielding
This requires enclosing the item in a relatively conductive material. Normally,
the greater the conducting of the enclosure, the greater the dissipation of the
electrostatic field. Thus, electrostatic discharge sensitive (ESDS) items should
have an overwrap of conductive packaging to protect against electrostatic
induced fields.

Blocking and Bracing Methods

Boxes available for packing are seldom exactly the right size for the item to be
packed. They are usually either too long or too wide or too deep or sometimes
a little bit of all three. When you are choosing a box to pack an item which must
be blocked in place, try to find a box as nearly the correct width as possible. It
is fairly easy to block off excess length or depth, but much more difficult to block
off excess width. The type of blocking and bracing you use must be suited to the
item you are packing. No one pattern of blocking and bracing will be suitable
for all occasions. There are four common methods of blocking and bracing.

Fiberboard, Prefabricated Wood, Particle Board or Plywood Blocking and Bracing
Fiberboard is used primarily in connection with irregularly shaped items. The
wood or plywood is cut to fit or support certain portions of the item and nailed
to the faces of the container. For items with irregular lower surfaces, the
blocking may be built as part of the base of the container and the item lowered
onto it. Figure 2-63 shows a number of possible designs.

Bolting
This method consists of fastening an item to the container by means of bolts.
When the item has bolt holes, it is fastened to the base of the container in the
same manner as it is fastened when in use. When the item does not have bolt
holes, but has strong frame members close to the faces of the container, U or J-
bolts are used. When no bolt or strong frame members are present, tie-rods
(which are actually extended bolts) are used with wooden braces.

Framing
Framing consists of specially constructed sleeves, brackets, or frames made of
metal, wood, or a combination of these to which the item is bolted. The sleeves,
brackets, or frames are, in turn, fastened to the faces of the container.
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SQUARES RECTANGLE

SLEEVE

HEXAGON

f CORNER
"X" PATTERN CIRCLE SMPT 863

Figure 2-63. Fiberboard, pads and cells used for blocking and bracing.

Strapping
This method consists of securing an item to the base or other face of the
container by means of flat metal strapping or round wire in tension.

Blocking and Bracing Materials and Their Application

Materials used for blocking and bracing must be strong and rigid. The greater
the need for support, the stronger and more rigid the material must be.
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Use of Lumber

Lumber used in blocking and bracing must meet the following requirements:

X

Use of Plywood

Be dry (its moisture content should be between 12 and 19 percent to
avoid shrinkage and to eliminate the possibility of introducing moisture
into the pack).

Be free from cross grain and knots, if located near the center of a piece
that is being used as a beam or column. If knots, in particular, cannot
be avoided, the following should be carefully considered. Edge knots
shall be placed so that the knot will always be in compression. Center
knots shall not have a diameter greater than one-fourth the width of the
piece of lumber.

Thin pieces of wood split more easily than thick ones. Thin pieces of
wood should not be used in blocking unless precautions are taken
against splitting. Several precautions should be taken if thin boards are
used. Do not nail too close to the edge of the board. Use the proper size
nail. Prebore holes for nails. Reinforce the board with a facing of
plywood.

All braces should, if possible, have the edges against the article in order
to utilize their maximum strength. If it becomes necessary to have the
flat face of the brace against the article, the size of the brace must be
increased.

When bases of ordinary lumber are used, they should be constructed
with sufficient cleats at right angles to the grain of the base boards and
securely fastened with clinched nails to prevent the boards from
splitting at the bolt holes.

Wood braces that are positioned between two faces of a container should
be held in place by cleats fastened to the face of the container with a
sufficient number of clinched nails, or, when the pressure is from more
than one direction, by the use of a pocket cleat arrangement. Such
braces should never be held in place by the use of end grain nailing, or
the use of notches cut into the container's face boards. Application of
wood blocking and bracing is shown in figure 2-64.

Plywood can be used to an advantage when thin blocking is required, due to its
resistance to splitting; or where the blocking must be flexible to fit to a curved
surface as shown in figure 2-65. Plywood has an added advantage for use as a
base as it is available in wide panels. Plywood used as a base should be 1/2 inch
or 3/4 inch thick for light articles. For medium and heavy articles, two or more
pieces of plywood can be fastened together, or a series of strengthening plywood
cleats can be added to the panel.

Use of Metal Brackets or Frames
Many articles have attachment points used for bolting but the points are not
located on a regular base which can be fastened directly to the container. In
such instances, specially constructed brackets or frames made of metal,
structural iron, wood, or a combination of these, can be used.
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POSITIONING OF A BEsM
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RUGGED ARTICLE MADE REGULAR BY
USE OF WOOD BLOCKING

» BACK-UF CLEATS

EXAMPLES OF BLOCKING AND BRACING APPLICATIONS SMPT 236

Figure 2-64. Application of wood blocking and bracing.
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PLYWOOD GUSSET REINFORCES
FRAMING MEMBERS AND
RESISTS SPLITTING

USE OF PLYWOOD TG REINFORCE
WOOD BLOCKING TO RESIST SPLITTING

PLYWOOD IN TENSION

SMPT 237

Figure 2-65. Use of plywood - blocking and bracing.
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Use of Metal Strapping

Use of Nails

Use of Bolts

2-88

The use of metal strapping to tie down an article to the base or other face of the
container is often the only procedure that can be used. Metal strapping may be
flat strapping or round wire. General precautions on the use of both flat
strapping and round wire are as follows:

X Use annealed wire or strap only for lighter articles since it stretches
readily.

Straps should be placed only on those strong portions of the article
which can withstand the impact load and weight of the article.

Place material such as felt or solid fiberboard between the straps and
the article to prevent damaging finished surfaces.

Use one piece strapping whenever possible.

When strapping over a sharp edge of the item, use corner protectors to
prevent strapping from fracturing.

When it is impossible to encircle the item and its support, anchor the
two ends of the metal. For flat strapping, anchor the two ends of the
strap to the container with anchor plates, or, if the strap is annealed, by
direct nailing. For round wire, anchor the two ends of the wire to the
container with drive screws and staples. Loop the wire around the
shank of the drive screw and further fasten it with staples.

XXX X X

Nails are the most common fastenings for blocking and bracing, especially
standard sinkers and cooler nails. Clout nails, which are similar to roofing nails,
are recommended where plywood of 1/2 inch thickness or less is used, because
of their larger heads. Nails used in blocking and bracing should be cement-
coated or chemically etched, particularly when they cannot be clinched. Etched
nails should be used in preference to cement-coated nails whenever possible.

Bolts commonly used for blocking and bracing are step bolts, carriage bolts, and
machine bolts, as shown in figure 2-66. U-bolts and J-bolts are used for special
purposes where regular bolts cannot be applied. The following precautions
should be observed in the use of bolts:

X In bolting an article to a base, the bolt head should be on the outside of
the container base and should bear against a wide flat washer. The bolt
threads should be either coated with thick white paint, or slightly upset
near the nut.

The base should never be counter-bored for the washer and bolt head.

When a container has skids, the bolts should be placed through the
skids, if possible, with the bolt heads on the underside.

Where the article has strong frame members fairly close to the faces of
the container, U-bolts or J-bolts may be used to advantage.

Tie-rods serve as extended bolts and should be used in the same general
manner as other types of bolts. They should be placed vertically or
diagonally in pairs.

XX XX
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STEP BOLTY

CARRIAGE BOLY

TIE ROD

SMPT 240

Figure 2-66. Use of bolts for blocking and bracing.

Foam-In-Place (FIP) Packaging

Foam-In-Place is another means of accomplishing cushioning or blocking and
bracing.

This process consists of mechanically mixing two chemicals, called components
A & B, together to form a urethane foam. The type of foam produced depends
on the chemical elements in component B.
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FIP materials used for cushioning are open celled foams normally of 1/2 pound
per cubic foot density called semirigid foam or 1-1/2 pound per cubic foot density
foam called flexible foam.

FIP materials used for blocking and bracing are closed cell foams of two pounds
per cubic foot density. These are called rigid foams and absorb little or no shock.

Checkup
What does blocking and bracing accomplish?

What does cushioning accomplish?

What item, as a general rule, will require more blocking, bracing or
cushioning, a regular shaped or an irregular-shaped one? Why?

In regard to shock resistance, how are items grouped?

Which type of load is blocking and bracing generally associated?
What is an important requirement for all materials used in blocking and
bracing?

What are some of the requirements for cushioning materials?

HKX XK X XX

What is the most common method of cushioning small, lightweight,
fragile items?

CUSHIONING, BLOCKING AND BRACING APPLICATION PRACTICAL EXERCISE

Objective
As a result of this practice, the student will be able to identify various material
and their application to accomplish preservation and packing operations.

General Instructions
The time allotted for this practical exercise is approximately 2 class periods. In
the first class period, the student will write the answers on the work sheets.

The second class period will be devoted to a critique of the practical exercise.
This practical exercise will be conducted in the practical exercise work area.

The instructor will place the items from the kit on desks around the room.
Conduct of Exercise

Situation
As a packer you are to identify the items displayed and list their usage in
preservation and packing on the work sheets contained in this practical exercise.

Requirement
X Students will study the numbered items, identify each and give a brief
description and the purpose of each.
X During the critique of the practical exercise, the students will verify
their answers on the work sheets with the answer given during the
critique.

Critique

During the critique, each student will give a brief description of an item and how
it is used in preservation and packing operations.
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Care of Area, Training Aids and Equipment
Not applicable.
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METHODS OF PRESERVATION
METHODS OF PRESERVATION

Proper Preservation
Preservation is the application or use of adequate protective measures to
prevent deterioration including as applicable, the use of appropriate cleaning
procedures, preservative protective wrappings, cushioning, interior containers,
and complete identification marking up to, but not including, the exterior
shipping containers.

Unit Preservation or Unit Protection
This is the protection given to one or more items through the application or use
of the necessary cleaning, drying, preserving, wrapping, cushioning, interior
containers, and marking for identification.

Unit Pack
The first tie, wrap or container applied to a single item or multiple thereof, or
to a group of items of a single stock number, preserved or unpreserved, which
involves a complete or identifiable package, as shown in figure 2-67.

Intermediate Protection
This is protection given to two or more unit packs of identical items by placing
them inside an interior container. Figure 2-68 shows that this method provides
additional protection and eases handling operations.

WRAPS

SMPT 310B CONTAINERS

Figure 2-67. Examples of unit packs.
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INTERMEDIATE PACK

UNIT PACKS

INTERMEDIATE PACK

UNIT PACKS

SMPT 311C

Figure 2-68. Intermediate packs.

Purpose of Preservation
Preservation is a very important part of the military supply program. The
protection afforded by proper preservation will give assurance that supplies will
remain in a suitable condition until they are needed.
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Preservation Assures Usability of Items
Placing of items or supplies in unit packs is for the purpose of furnishing
protection. Packs must be constructed properly, materials and methods must
be in accordance with official instructions.

Protection Afforded by Unit Packing
Unit packing helps in keeping a preservative coating in contact with the item
and also protects the coating. It also helps to prevent damage to items against
climatic hazards such as rain, snow, heat, cold, high humidity, and salt spray.
Unit packing will help prevent damage to items from abrasion, shock, and
impact that occurs during handling, storage, and shipment.

Unit Packing Provides for Identification
The final operation of unit preservation is the labeling of the pack with the
correct identification and markings. Items which are not properly identified are
useless to the receiver and are a waste of time, money, and effort.

Unit Packing Provides a Logical Sequence

Unit preservation is important because it provides a logical sequence of
operations whereby the item is given the necessary protection against external
causes of deterioration during shipment and storage. It is necessary that each
operation of unit preservation be followed by the subsequent operation so that
there is a minimum delay of time between operations. The same emphasis on
operational sequence must be applied to methods of unit preservation as was
applied to the processes of cleaning, drying, and preserving.

Preservation Goal
In military preservation, the primary goal is to afford the required protection at
the least possible cost. The greatest savings in preservation costs are possible
through the application of basic preservation knowledge by trained operators
and supervisors.

The Need for Different Methods of Unit Preservation
Military items which must be packed are so numerous and so different from
each other that there is no one single method by which all can be protected.
Since there is such a variety of items, the methods of preservation will vary
according to the following factors:

X Composition of the item: Whether the item is made of metal or
nonmetal or a combination of both.

X Construction of the item: Whether the item is of simple or complex
construction.

X Nature of the item: Whether the item has a critical or noncritical
surface, the effect of water and watervapor on the item, and the effect
of static electricity on the item.

X Level of protection: Whether military or commercial packaging is
appropriate based on the anticipated types of storage, handling, and or
shipment mode.

General Requirements of Methods of Preservation

Preservation materials used in unit packages must meet the following
requirements:
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X Cushioning and dunnage used within waterproof or watervaporproof
barriers must be as clean and dry as practicable.

X Items that are coated with a preservative must have a preliminary wrap
conforming to Grade A or C of MIL-B-121, MIL-PRF-22191, Type | or Il
or A-A-1676.

X Wrapping, cushioning and dunnage materials in direct contact with bare
metal surfaces must meet the requirements of Test Method 3005 of
Federal Test Standard 101.

X When greaseproofness is not a requirement, neutral wrapping papers
Paper, Wrapping, Laminated and Creped (MIL-P-130); Paper,
Wrapping, Chemically Neutral (noncorrosive) (MIL-P-17667); and
Paper, Wrapping, Tissue (A-A-1249) meet the requirement and are
available at lower cost. These wrapping papers are intended as an
initial wrap where a noncorrosive, dust protective wrap is required prior
to, or as a part of, the unit pack.

General Concept of Preservation

Corrosion occurs when the environment that surrounds the item provides the
essential ingredients that will attack the material, e.g. water and oxygen.
Preservation is the sum total of all the ways that the environment surrounding
the item can be altered to eliminate one or both of these factors.

The application of a continuous, unbroken coat of contact preservative achieves
this end by surrounding the item with an oily film which is resistant to the
entrance of liquid water and also keeps oxygen from the surface.

The various barrier materials limit the amount of moisture within the pack to
varying degrees, dependent upon their water or moisture vapor transmission
rate (WVTR).

Another common way of altering the environment within the pack is to reduce
the amount of moisture within a watervaporproof barrier through the use of a
drying agent or desiccant.

Methods of Preservation

The methods of preservation (unit protection) are those protective measures that
are approved for the prevention of deterioration of military supplies and
equipment. They are established by MIL-STD-2073-1C, and illustrated in figure
2-69, and consist of the following basic methods:

Method 10: Physical protection only.

Method 20: Preservative coating (with greaseproof wrap as required).
Method 30: Waterproof enclosure (with preservative as required).
Method 40: Water-vaporproof enclosure (with contact preservative as
required).

Method 50: Water-vaporproof barrier with desiccant (with preservative
when required).
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Figure 2-69. Concept of basic methods of preservation.

Methods of Unit Preservation

Method 10

Various specific techniques have been developed to meet the basic Methods 30,
40, 50 which may be used as appropriate. There are 18 different ways of making
unit packs (basic Methods 10 and 20 have no variations). There is no ideal
method of preservation which would satisfy all the requirements of military
preservation. During this lesson, we are going to discuss examples of each
method of preservation as follows:

Method 10 Physical protection

Method 20 Preservative coating (with greaseproof wrap as required)
Method 33 Greaseproof, waterproof bag, sealed

Method 42 Container Watervaporproof Bag, sealed, container
Method 53 Floating watervaporproof bag, sealed

Method 55 Rigid metal container, sealed
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Physical Protection Only
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Physical protection is accomplished by cushioning, blocking, or bolting to
prevent movement within containers and physical damage due to shock and
vibration. Mechanical protection is provided to an item to prevent damage from
any force that will impair the proper functioning of the item. Method 10 does
not provide protection from the entry of water, watervapors, gases or fumes, or
the growth of microorganisms. No preservative is used on items packed by
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Method 10. Items usually packed by this method are of a noncritical nature
made of corrosion resistant metals; nonmetals such as crockery, ceramics, and
glass; or items that are painted, prime coated, anodized or have other similar
corrosion resistant finishes or coatings. Figur